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[57] ABSTRACT

A circuit board assembly system is disclosed. One as-
pect of the system is the robotic end effector for grip-
ping and inserting each component into the circuit
board. The end effector includes a compliance mecha-
nism which compensates for variations in body-to-lead
configurations to permit components to be precisely
placed without damage to the component body or
leads. Another aspect of the system is a programmable
lead clinching system for clinching leads of each com-
ponent as the component is inserted into the circuit
board. The clinching system includes a clinch element
and a drive system for driving the clinch element
through a predetermined series of strokes to clinch the
component leads.

The system further includes a component presentation
module, with a plurality of component feeder devices
tor feeding a number of different component types, and
a presentation robot for sequentially selecting each
component to be inserted in the board and delivering
the component to a part presentation station. The sys-
tem further includes a component lead straightening
and cutting system. This latter system operates in com-

bmation with the, presentation robot to straighten the
leads of each component and cut the leads to a predeter-

mined length.

The disclosed system provides a flexible component
insertion capability for inserting a wide variety of com-
ponent types into different types of circuit boards. The
system 1s reconfigurable to a different product without
substantial mechanical retooling.

51 Claims, 12 Drawing Sheets
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1
CIRCUIT ASSEMBLY SYSTEM

This 1s a continuation of co-pending application Ser.
No. 06/734,964 filed on May 16, 1985, now abandoned,
which is a continuation-in-part of application Ser. No.
597,477 for “End Effector for Robotic Equipment,”
filed Apr. 6, 1984 now abandoned.

TECHNICAL FIELD

The present invention pertains to the field of robotic
equipment, and more particularly to robotic systems for
assembly of electrical components with printed circuit
boards.

BACKGROUND OF THE INVENTION

Robotic equipment is commonly employed in many
industrial applications. In one important application,
robotic equipment inserts electronic components into
predetermined locations on printed circuit boards.
Commonly, the boards are passed along an assembly
line on a conveyor. At separate stations along the line,
insertton machines insert components of the same type.
The robotic equipment of the prior art are generally
unable to handle more than one size or shape of compo-
nents without changing or modifying the machine to
accommodate the different part. Thus, a different ma-
chine station may typically be employed to insert each
different sized or shaped component. This of course,
greatly increases the capital equipentcost of the product
insertion line, and increases the physical space needed
to house and support the assembly line. For components
which have nonstandard shapes and sizes and/or for
which small quantities are used in the circuit, hand labor
is typically employed to finish the insertion process for
each board, thus further reducing the speed and effi-
ciency by which the boards may be assembled.

The typical prior robotic equipment employs a robot
arm which 1s adapted to be moved through a predeter-
mined sequence of motions. An end effector is con-
nected to the robotic arm and comprises a gripper unit
which 1s adapted to grip each component when the
robot arm moves to the component supply location,
hold the component while the robot arm traverses from

the supply location to the circuit board, and then to
release the component when its leads have been inserted

through the formed holes in the circuit board. Typi-
cally, once all the components have been inserted in the
board, either by machine or by hand, the board is
moved to a soldering station where the components are
soldered to the board.

The prior art robotic equipment known to applicant
1s unable to handle components of significantly varying
sizes and shapes. Thus, a different end effector may
typically be required for each different type of compo-
nent. Moreover, such equipment may typically have
problems handling components of the same type, due to
variations in the component body from the nominal size
and relative to the leads. Since many components are
formed from a molded or dipped material, substantial
size and shape variations may be encountered, as well as
variations of body to lead relationships. Thus, when
substantial variations from nominal dimensions are en-
countered, automatic insertion may not be accom-
plished and rejection of the component may occur, even
though the component 1s electrically acceptable. An-
other factor causing rejection of parts is bent leads.
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Such rejection of electrically acceptable components
increases the cost of assembling the board.

Numerous mechanisms are known for automatically
clinching component leads which have been inserted
through apertures in printed circuit boards. Passive
systems are known which move the part so that the
leads strike a bending surface, to bend the leads in a
manner analogous to the manner in which a paper sta-
pler operates. Active clinchers hold the electrical com-
ponent stationery, but move a die to deflect the leads in
a predetermined direction. The dies employed are often
jaw-like members which open and close to bend the
leads. Typically, the die is particularly adapted to
clinching the leads of a predetermined part type, e.g.,
for a dual inline integrated circuit package, and to bend
or clinch all the leads aligned in a row.

In large part, the known clincher systems are expen-
sive to manufacture and maintain, and are specialized
systems for performing a single predetermined function.

SUMMARY OF THE INVENTION

A system for automatic insertion of electrical compo-
nents into printed circuit boards is disclosed. The sys-
tem comprises a component presentation robot for de-
livering a predetermined component to a presentation
station, and a component insertion robot for gripping
the presented component at the presentation stage, and
inserting the component into the circuit board at an
insertion station.

The presentation robot selects a predetermined elec-
trical component type from one or more component
storage areas, and presents the component to a presenta-
tion station, which also serves as a lead straightening
and cutting station. This station comprises a pair of
plates through which an opening pattern of funnel
shaped openings have been formed. The lower plate is
movable laterally with respect to the upper plate to
provide a lead clamping and cutting function. The com-
ponent presentation robot is adapted to deliver the se-
lected component to the presentation station. The robot
then inserts the component leads into corresponding
opening patterns formed in the plates and oscillates the
component body through a series of predetermined
movements, repetitively exercising the leads in relation
to the component body. The oscillatory movement is
adapted to cause the lead positions to assume an aver-
aged, straightened position.

Once the predetermined series of lead straightening
movements have been carried out, the presentation
robot releases the component, and the lower plate is
shifted slightly with respect to the upper plate to clamp
the component leads. The component insertion robot
then grips the body of the component and a lead cutting
operation may be performed, wherein the lower plate is
shifted through a shearing movement to shear the leads
extending below the first plate. The component inser-
tion robot then inserts the component at a predeter-
mined position on the printed circuit board.

One aspect of the invention is a programmable clinch-
ing system for clinching leads of inserted components.
The clinching system comprises a retractable clinching
element mounted on a motor driven carriage assembly
for passing the clinching element through a predeter-
mined path of travel adjacent the lower surface of the
printed circuit board. The clincher element operates in
combination with the component insertion robot so
that, as each component is inserted into the board, the
clincher element is passed beneath the inserted compo-
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nent in a clinching movement to clinch one or more of
the component leads and thereby secure the inserted
component in position.

The cycle comprising component presentation, lead
straightening and cutting, board insertion, and lead 5
clinching i1s then repeated until all components have

been inserted in the board. A conveyor system is em-
ployed to transport the fully inserted board away from
the insertion station, and to transport an empty board to

the insertion station.

BRIEF DESCRIPTION OF THE DRAWINGS

The various, features and advantages of the disclosed
invention will be readily appreciated by those skilled in
the art from the following detailed disclosure when
read in conjunction with the drawings, wherein: |

FIG. 1 1s a perspective view 1llustrating a robotic
system employing the preferred embodiment.

FIG. 2 1s a broken away side view of the end effector
unit of the preferred embodiment, taken in the direction
of arrow 2 of FIG. 1 with the cylindrical cover of the
etfector broken away.

FIG. 3 1s a bottom view of the end effector of the
preferred embodiment.

FIG. 4 1s a cross-sectional top view of the end effec-
tor of the preferred embodiment, taken along line 4—4
of FIG. 2.

FI1G. 5 1s a side cross-sectional view of the end effec-
tor of the preferred embodiment, taken along line 5—35
of FIG. 2, and a broken-away view of the air cylinder of
the gripper assembly.

FI1G. 6 1s a cross-sectional view, taken along line 6—6
of FIG. 5 and illustrating the linkage connected upper
and lower split-ball-and-socket assemblies as employed
in the preferred embodiment.

FI1G. 7 1s a cross-sectional view of the lower split-
ball-and-socket assembly, taken along line 7—7 of FIG.
5.

FIG. 8 1s a cross-sectional view illustrating the dual
air cylinder piston arrangement employed in the pre-
ferred embodiment to actuate the split-ball-and-socket
assembly.

FIG. 91s a cross-sectional view, taken along line 9—9
of FIG. §, of the air cylinder actuating the gripper 4s
mechanism as employed in the preferred embodiment of
the invention with the air piston assembly in the ex-
panded position.

FIG. 10 is a cross-sectional view illustrating the grip-
per mechanism air piston assembly in a compressed sg
position.

FI1G. 11 is a function block diagram illustrating the
pneumatic and electrical systems of the robot system of
the preferred embodiment. |

FIG. 12 is a top plan view of an a second embodi- 55
ment, comprising a component lead clinching appara-

tus.

FIG. 13 1s a top plan view of the apparatus of FIG.
12, with the top plate of the work surface displaced in
accordance with the invention to increase the effective
board area which may be accessed by the clincher tool.

FIG. 14 1s a top plan view illustrating the apparatus
shown in FIG. 12 without the top plate to show the
clincher tool and x-y drive mechanisms.

FIG. 15 1s a front view of the apparatus of FIG. 14, in 65
the direction of arrows 15—15 in FIG. 14.

FI1G. 16 1s a cross-sectional view of the apparatus of
FIG. 14 taken along line 16—16 in FIG. 14.
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FIG. 17 1s a cross-sectional view of the apparatus of
FIG. 14 taken along line 17—17 in FIG. 14.

FI1G. 18 1s a cross-sectional view of the apparatus of
FIG. 14, taken along line 18—18 in FIG. 14.

FI1G. 1915 a cross-sectional view of the clincher cylin-
der assembly, taken along line 19—19 of FIG. 16.

FIG. 20 is a side view of a printed circuit board with

inserted component 1n position on the top plate of the
apparatus, illustrating the clincher cylinder assembly

clinching one lead of the component.

FIG. 21 1s a bottom view of the printed circuit board
of FIG. 20, showing the clincher rod in cross-section.

FI1G. 22 1s a perspective view of a third embodiment
of a component insertion system including apparatus for
component lead straightening, component insertion,
and lead clinching.

FIG. 23 1s a simplified top view of the third embodi-
ment.

FIG. 24 is a simplified top view illustrative of the
conveyor system employed in the third embodiment,
showing the relationship of the insertion station and the
lead straightening and cutting station.

'FIG. 235 1s a cross-sectional view of the side rail and
conveyor chain taken through line 25—23 of FIG. 24.

FIG. 26 1s a cross-sectional view, taken along line
26—26 of FIG. 24, illustrative of the clamping means
for securing the position of the printed circuit board.

F1G. 27 1s a cross-sectional view, taken along line
2727 of FIG. 24, showing a printed circuit board on
the conveyor in relation to the clamping means.

FIG. 28 1s a cross-sectional view, taken along line
28—28 of FIG. 24, illustrating the conveyor drive
sprocket and motor.

FI1G. 29 1s a cross-sectional view, taken along line
29—29 of FIG. 24, illustrating the lead straightener and
cutting apparatus.

F1G. 30 1s a partial cross-sectional view, taken along
lines 30—30 of FIG. 29, showing the upper and lower
lead straightening and cutting plates.

FI1G. 31 1s a top partial broken-away view of the lead
straightening and cutting plates. |

FIG. 32 1s a cross-sectional view, taken along line
32—32 of FIG. 31, illustrating a pair of lead funnels
defined in the lead straightening and cutting plates.

FIG. 33 15 a perspective view of the robot arm end
effector employed to pick up an electrical component
and 1nsert the component leads into the funnels formed
in the lead straightening and cutting plates.

FIG. 34 1s a block diagram of the lead clincher sys-
tem.

FIG. 35 1s a block diagram of the component inser-
tion system depicted in FIG. 22.

FIGS. 36(a)-(c) depict a tube feeder and the grasping
of components from the tube feeder by the presentation
robot.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

The present invention comprises a novel robotic sys-
tem for insertion of electrical components into printed
circuit boards. The following description of the pre-
ferred embodiment is provided to enable any person
skilled 1n the art to make and use the invention. Various
modifications to the disclosed embodiment will be
readily apparent. The invention is not intended to be
limited to the embodiment shown, but is to be accorded
the widest scope consistent with the principles and
novel features of the invention.
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Reterring now to FIG. 1, a perspective view is shown
of components of a robotic system in accordance with
the present invention. In this embodiment, robot 10
comprises a model RT-3000 robot marketed by Seiko
Instruments USA Inc. This robot is a programmable, 4
axis DC servo robot with nominal positional repeatabil-
ity of £0.001 inches. Robot arm 15 extends from the
robot body 20 along axis 25. The arm is selectively
extensibie and retractable along axis 25, and is rotatable
about the center axis 30 of the robot body 20. The body
20 1s also selectively extensible and retractable along
axis 30 to raise and lower the arm 15.

The robot 10 also includes a central controller and a
keyboard interface (not illustrated in FIG. 1) which
allows the system operator to interface with the central
controller. As i1s well known to those skilled in the art,
the system controller is programmed to carry out pre-
determined movements and operational sequences.
Thus, the controller is programmed to relate the known
position of the leads of the component held at a pickup
station to the known location on the circuit board at
which the component is to be inserted.

The end effector is attached to the extensible end of
‘arm 15. As is well known to those skilled in the art, the
end effector is employed to interface with the compo-
nents to be handled by the robotic system. The compo-
nents 60 are delivered to a pick-up station 70. The robot
controller is programmed to cause the robot arm to
move the end effector to above the pick-up station 70,
and then to lower the end effector so as to grip the next
component in the conveyor line.

The pick-up station employs a pneumatically oper-
ated component lead clamping vise 600, which clamps
the component leads to fix the component at the prede-
termined pick-up point. Thus, the position of the leads
of the component at the pick up station is a known
parameter. The end effector grips the component by its
body, not by its leads and, therefore, any dimensional
variation in the component body by the end effector
will, for the prior art effector devices known to appli-
cant, be translated into either a preload tensioning on
the component leads, or bending of the leads. The result
may be a failure to insert the component by the robotic
system, since the leads may be offset from their nominal
position a sufficient amount to prevent insertion.

The end effector in accordance with the present in-
vention alleviates this problem. The end effector grip-
ping mechanism is coupled to the robot arm mounting
plate by a novel compliance mechanism, which allows
the gripping mechanism to move through a predeter-
mined range of movement relative to the mounting
plate while the component is gripped and the gripping
mechanism settles to a clamping equilibrium position on
the component. The compliance mechanism is then
fixed in the equilibrium position while the component is
inserted in the board. The novel end effector thus pro-
vides a means for maintaining a component lead to
robot mounting flange relationship, allowing accurate
placement of the component leads. ,

The novel end effector 100 is shown in greater detail
in FIGS. 2-10. FIG. 2 is a side view taken in the direc-
tion of arrow 2 shown in FIG. 1, with the cylindrical
shroud 105 broken away to illustrate various aspects of
the device. As shown in FIG. 2, the effector comprises
a circular interface plate 110 which is fastened to the
robot arm mounting flange 22 by threaded fasteners
112. Shroud 105 1s formed with an inwardly turned lip
107. The lip 107 fits between flange 22 and interface
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plate 110 and 1s held in compression therebetween by
fasteners 112 to secure the shroud in place.

The effector also comprises circular lower plate 120.
Three counter balance springs 130 are coupled between
the imnterface plate 110 and the lower plate 120, and are
disposed at 120° spacings around the peripheries of
plates 110,120. Springs 130 take up some of the weight
of the gripping mechanism 400, lower plate 120 and
lower assembly 300 to reduce the insertion force ex-
erted by the effector device on the components and to
reduce friction to allow the gripping mechanism 400 to
more {reely “float” when the compliance mechanism is-
In 1ts first or floating state.

Upper split ball-and-socket assembly 200 is fastened
to the lower surface of interface plate 110. Lower split-
ball-and-socket assembly 300 is fastened to the upper
surface of lower plate 120. Assemblies 200,300 are cou-
pled together by connecting link 150. |

Gripping mechanism 400 is fastened to the lower
surface of plate 120. Also shown in the effector bottom
view, FIG. 3, the gripping mechanism comprises fixed
grip jaw and movable grip jaw 420, which translates
linearly along a slot formed in the lower surface of plate
120, actuated by double acting air cylinder 430.

It will be apparent from FIG. 2 that bottom plate 120
1s allowed some range of movement without contacting
the inner surface of shroud 105. As will be described in
more detail below, the upper and lower assemblies
200,300 are adapted to allow, when the compliance
mechanism is in a first state, a freedom of movement of
lower plate 120 with respect to upper plate 110
throughout a predetermined range.

Referring now to FIG. 5, a cross-sectional view of
the end effector 110 is shown, taken along line 5—5 of
FIG. 2, which further shows the air cylinder 430 with
its outer shroud partially broken away. Upper ball-and-
socket assembly 200 comprises fixed ball socket 205,
floating ball socket 210, and split ball members 215,220.
Fixed ball socket 220 is secured to the bottom surface of
interface plate 110 by threaded fasteners 207. Tension
bolt 225 is passed through aligned bores formed in sock-
ets 205,210, split ball members 215,220 and connecting
lIink 150. Nut 230 secures bolt 225 in the assembled
position. Bolt 225 closes ball sockets 205,210 on the ball
members 215,220 when actuated by lever 230, shown in
cross-section in FIG. 5.

Lower assembly 300 corresponds to assembly 200.
Thus, fixed socket 305 is secured to the upper surface of
lower plate 120 by threaded fasteners 307. Tension bolt
325 1s fitted through aligned bores formed in floating
ball socket 310, split ball members 315,320, fixed socket
305 and a slot 155 formed in connecting link 150. Nut
330 secures tension bolt 325 in the assembled position.
Actuating lever 335 tensions bolt 325 to close the ball

sockets on the split ball members and the connecting

iink 130.

Further details of the upper and lower assemblies
200,300 are shown in FIGS. 6-8. The cross-sectional
view of FIG. 6 shows the connecting link 150 with bore
157 for receiving tension bolt 225 of upper assembly
200, and elongated slot 155 for receiving tension bolt
325 of lower assembly 300. Slot 155 allows assembly 300
to move in vertical relationship with assembly 200
along the length of slot 155. The purpose of this addi-
tional freedom of movement will be discussed below.

FIG. 7 1s a cross-sectional view taken along lower
assembly 300, illustrating the actuating mechanism of
the assembly. The lower assembly 300 is also shown in
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the cross-sectional view of FIG. 4. The actuating lever
335 is held in position by tension bolt 325, with end 336
held against wear block 340. In the preferred embodi-
ment, the split socket members are fabricated of alumi-
num, and a steel wear block is used to reduce wear

caused by the repetitive contacting of the socket mem-
ber 310 by lever arm end 336. At the opposite end 338
of the lever arm, a pin 350 protrudes from socket 310

and fits into slot 335 formed in lever 335 (see FIG. 2) to
further constrain the lever arm.

A pair of threaded retaining bolts 345,350 pass
through bores in socket member 310 and are thread-
ingly engaged in threaded bores formed in fixed socket
member 305. Bolts 345,350 are not tightened down so
that adjacent surfaces of sockets 305,310 are in con-
strained contact, but rather allow movement of the
adjacent surfaces away from each other.

Referring to FIGS. 7 and 8, a pair of air cylinders are
fitted into floating ball socket 310. Rods 364,384 extend
respectively from air pistons 362,382, which are in turn
carried in cylindrical bores 374,394 formed in floating
socket member 310. Air lines 370,390 are respectively
brought in to fixtures 368,388 which communicate with
bores 374,394 by passages 372,392. To minimize air
leakage between the pistons 362,382 and the bore walls,
each piston is fitted with O-ring gaskets seals 366 and
386, respectively.

By pressurizing lines 370 and 390, the resulting air
pressure forces the respective pistons 366,386 to move
away from passages 372,392 so that rods 364,384
contact end 338 of actuating lever 335 to push it away
from socket member 310. Tension bolt 325 provides a
fulcrum point, causing a force to be applied by lever end
335 against wear block 340, and also by nut 330 against
socket 305. These forces against the two socket mem-
bers are translated into opposing forces against split ball
members 315,320, thereby fixing the ball members in
relation to the socket members.

The split ball members are adapted so that surfaces
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316 of ball member 315 contact adjacent surfaces 321 of 40

ball member 320 when lever 335 is actuated. The split
ball members are further constructed so that there is a
clearance of about 0.0005 inches between connecting
link 150 and the adjacent surfaces of the split ball mem-
bers, so that even with lever 335 actuated, the connect-
ing link may shide freely with respect to the ball-and-
socket assembly 300 along the extent of slot 155 in link
150.

In the preferred embodiment, a valve is provided to
switch lies 370,390 between a source of air pressure to

45

50

f1x or lock the assembly 300, and a source of vacuum to

withdraw the air pistons 362,382 and release the assem-
bly 300 tfrom its fixed position. The vacuum overcomes
the friction resistance to piston withdrawal caused by
the O-ring seals. Other suitable means for overcoming
the resistance, such as springs, will be readily apparent
to those skilled in the art.

Upper assembly 200 operates in 2 manner similar to
that described with respect to lower assembly 300 ex-
cept that substantial vertical movement of the link 150
in relation to the assembly 200 is not provided, since
there 15 no slot but rather a bore formed in the link
through which the tension bolt is fitted.

The double acting air cylinder which actuates the
gripping mechanism is illustrated in the broken-away
view of FIG. 5 and the cross-sectional view of FIG. 5
and the cross-sectional views of FIGS. 9 and 10. Air
cylinder 430 comprises a piston assembly 450 mounted
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at one end of rod 435. Rod 43S fits through an opening
formed in fixed gripper jaw 410. Sliding gripper jaw 420
1s fastened to the other end of rod 435.

FIG. 9 1s a cross-sectional view of the compound
piston assembly 450. The assembly comprises a first

piston member 455 which is integrally formed with rod
435. The piston 450 includes a complaint U-seal 456
with tensioning spring 457 fitted therein. Spring 487

urges outer lip 458 of seal 456 outwardly into contact

with the mner periphery of cylinder 430.

Second piston member 460 is slidably secured to the
end of piston 435 by button screw 480 and washer 481.
Screw 480 1s secured in a threaded bore formed in the
end of rod 435. Bore 462 is formed in piston 460. Move-
ment of piston 460 on rod 435 is constrained in one
direction by screw 480 and washer 481. A pair of
washer wave springs 470 and 475 are concentrically
mounted on rod 4335 between first piston 455 and second
piston 460. Springs 470,475 urge second piston 460 to
the separated location shown in FIG. 9, with piston 460
fully extended in abutting relationship with 481.

Aiar cylinder 430 is a double acting cylinder, with
pressurized air being coupled through air passages
492,494 to either the cap end 440 of the cylinder in the
direction of arrow 490, or into the rod end of the cylin-
der 1n the direction of arrow 485. To close the gripping
mechanism, pressurized air is admitted into the rod end
of the cylinder, causing rod 435 and gripper jaw 420 to
move in the direction of arrow 485 until jaw 420 closes
against a component or fixed jaw 410. Because O-ring
seals 465 exert a greater frictional drag on piston 460
than the frictional drag exerted by U-cup seal 456 on
piston 455 or the spring force exerted by the two wave
springs 470,475, the wave springs will be compressed
through the compound movement stroke indicated in
F1G. 9 as distance “C” to the compressed configuration
shown in FIG. 10.

Compound piston assembly 450 provides a novel
gripper release means. One of the problems inherent in
known effector gripper apparatus is that when air pres-
sure to the pneumatic gripper assembly is released to
release the component from the effector after insertion,
frictional drag on the component may be sufficient such
that the component is carried away or perturbed from
1ts inserted position as the effector is lifted away. If the
gripping mechanism is opened after insertion, before the
effector is lifted away, the grip jaw as it moves through
its opening stroke may contact other components on the
board, and thereby cause damage and/or dislocation of
such components. For densely populated circuit boards,
the gripper jaw may not be moved to a fully opened
position.

The compound piston assembly 450 solves this prob-
lem. When air pressure is released from the rod end of
the cylinder, the compressed wave springs are released,
exerting an expansive force against pistons 455 and 460.
Since the frictional drag exerted on piston 455 by U-cup
seal 456 1s less than the drag exerted by O-ring seals 465
on piston 460, piston 460 remains substantially station-
ary while piston 455, rod 435 and gripper jaw 420 move
in the direction of arrow 490 a distance substantially
equal to distance “C.” With the jaw mechanism opening
by distance “C” there is no longer any drag to be ex-
erted on the component as the gripper mechanism is
lifted away from the inserted component, yet the open-
iIng movement has been relatively small, protecting
adjacent components. Once the gripping mechanism
has been lifted away from the circuit board, pressurized
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air may be admitted to the cap end of the air cylinder
430 to fully open the gripper jaws 410,420. In the pre-
ferred embodiment, this feature allows insertion of com-
ponents to within 0.05 inches of adjacent components.

A pair of vent holes (not shown) are formed in second
piston 460 such that the cap end of the air cylinder
communicates with the space between the first and
second pistons. The vent holes prevent this space from

becoming pressurized, and preventing compression of

the two pistons.

Referring now to FIG. §, an insertion fault sensor 580
is provided on socket member 210, and is adapted to
sense the presence of socket member 310 of the lower
assembly 300. Sensor 580 comprises a spring-loaded
plunger 582 which fits into counterbore 584 formed in
socket member 210. The plunger acts as the target for
sensor 380.

The purpose of the sensor is to sense the failure to
insert a component into the board. Since the leads are
not inserted into the pre-formed holes in the board dur-
ing such a failure, the leads contact the surface of the
board. As the effector is lowered, the component, the
lower assembly 300, lower plate 120 and the gripping
mechanism will remain stationary, with assembly 200
and link 150 descending along the extent of slot 155. As
upper assembly 200 1s lowered, the plunger of the prox-
imity sensor contacts the upper, adjacent surface of
socket member 310 and is forced upwardly. In the pre-
ferred embodiment, 0.07 inches of upwardly travel of
the plunger will trigger proximity sensor 580, indicating
that a failure to insert the component has occurred. The
robot controller may then either determine whether to
make another attempt to insert the component, or to
jeitison that component and pick up a new component.

Referring now to FIG. §, a second proximity sensor
585 is attached to lower plate 120 and is adapted to
sense the condition of failure to pick up a component.
The sensor is adapted to be triggered when the grip
jaws 410,420 are fully closed. Triggering of the second
proximity sensor provides an indication to the robot
controller that the gripping mechanism is not gripping a
component, so that a decision can be made to pick up
another component.

Referring now to FIG. 11, a function block diagram
illustrative of the interconnection of the electrical and
pneumatic systems of the preferred embodiment 1s illus-
trated. Robot controller 500 is adapted to control the
pneumatic system via a plurality of electrically actuated
pneumatic valves. The controller 500 receives input
data from the several sensor transducers which are
provided in the system. As is well known to those
skilled in the art, the robot controller is programmable
for causing the robot to operate in accordance with a
predetermined sequence of steps and movements. The
program will depend upon the particular controller and
the application.

Pressurized air which has been regulated and filtered
1s supplied to the system via line 505. Pneumatic vac-
uum generator 510 is driven by the pressurized air via
line 506. In the preferred embodiment, generator 510
comprises a model M16 generator, marketed by PIAB
USA Incorporated, 65 Sharp St., Hingham, Mass.
02043. This device develops a vacuum on line 512,
which is coupled to valve $45. Arrow 511 indicates a
pneumatic exhaust outlet for generator 510. It 1s to be
understood that such arrows are generally employed
throughout FIG. 11 to indicate pneumatic exhaust out-
lets.
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The pressurized air is provided from line 305 to
valves 515, 520, 525, 530, 535 and 540. Valve 515 1s a
five port, two-way valve which is adapted to operate
the double acting air piston of the pick up station lead
clamping vise 600. Electrical line 516 is coupled be-
tween the electric actuator valve 515 and the output
section of controller 500. The valve 515 has two high
pressure output ports to supply the ends of the air piston
602 of clamp 600 via air lines 517, 518. Two ports of the
valve 515 are connected to a pneumatic exhaust outlet.
Thus, in dependence upon electrical control signals
from controlier 500, the component lead clamp vise 1s
opened or closed.

The pick up station further comprises component
lead sensor 590 which is adapted to sense the presence
of the leads of the component at the lead clamping vise
600. In the preferred embodiment, sensor 590 comprises
a model 52005-3LED photoelectric sensor marketed by
Skan-A-Matic Corp., P.O. Box S, Elbridge, N.Y. 13060.
The sensor comprises a LED which generates light
which 1s transmitted coaxially to the target through an
outer diameter of fiber optic fibers. Light is reflected by
the component leads back through an inner fiber optic
bundle to a phototransistor transducer. The sensor 590
output is coupled to the controller 500 via electrical line
591 to provide a signal indicative of the presence of a
component lead in the vise.

The pick up station also includes a “vise open” sensor
adapted to provide a signal to the controller to indicate
the “vise open” condition. This sensor comprises a Hall
effect proximity sensor, model 37XL31-003, marketed
by the Microswitch Division of Honeywell Corpora-
tion, Marlborough, Mass.

It will be readily apparent to those skilled in the art
that, with the information provided by sensors S90, 595,
the controller may cause the vise to grip the leads of a
component which has been delivered to the vise along
a conveyor or other conventional means, and thereafter
to release the component leads.

Pneumatic valves 520, 525, 530, and 535 comprise
three port valves marketed by SMC Pneumatics, Inc.,
5538 W. Raymond St., Indianapolis, Ind. 46241, as
model NVS§4114-00520. Each valve 1s supplied with
pressurized air via line 505, and each valve also com-
prises a port which 1s coupled to a pneumatic exhaust
outlet. The high pressure output port of valve 520 1s
coupled to one input port of valve 545; the output of
vacuum generator 310 1s coupled to the other input port
of valve 545. The output of valve 523 is coupled to the
pilot or control port of valve 545.

Valve 54§ comprises a model VA125A valve mar-
keted by Humphrey Products, P.O. Box 2008, Kalama-
z0o, Mich. 49003. It operates to switch output line 546
between the high pressure source and the vacuum
source, in dependence upon the pressure at the valve
pilot port. Pneumatic line 546 1s coupled io the four
single-acting air cylinders provided in upper and lower
assemblies 200,300. Thus, the controller may cause ei-
ther pressurized air or a vacuum to be applied to the air
cylinders which actuate the assemblies 200,300 by con-
trolling valves 525 and $45.

Insertion fault sensor 580, as described above, is dis-
posed in floating socket member 210. In the preferred
embodiment, this sensor comprises a model FY-
GE/M10-0 proximity sensor marketed by the Micro-
switch Division of Honeywell Corporation. Its output
signal 1s provided to controller 300 via electrical line
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281 to provide a sensor signal which indicates an inser-
tion fault, as described above.

The gripping mechanism air cylinder 430 is actuated
by valves 530, 535, 540, 570 and 575. The outputs of
valves 530,535 are respectively passed through pressure
regulators 550,555 and check valves 560,565 to valve
570. Regulators 550,555 may be separately adjusted to
provide separate air pressure levels (e.g. 10 or 10 psi) to
valve §70. The purpose of using two regulators is to
allow the controller the capability of selecting between
two grip pressures. The controller is adapted to select
the grip pressure by actuating valve 570, which in the
preferred embodiment comprises a model 3E1 valve
marketed by Humphrey Products.

The output of valve 570 is passed through quick ex-
haust valve 573 to the rod end of air cylinder 430. Valve
575 comprises a model SQE valve marketed by Hum-
phrey Products, and is adapted to rapidly vent the pres-
surized air provided to it as the air pressure from valve
070 begins to drop. Valve 575 increases the system
cycle time.

- Valve 540 comprises the robot output valve (internal
to the Seiko RT-3000 robot) whose output is coupled to
the cap end of double acting air cylinder 430.

Valves 570,540 are actuated simultaneously by con-
troller 500 to actuate cylinder 430. Thus, to close the
grip, valve §70 is opened and valve 540 closed. To fully
open the grip, valve 540 is opened and valve 570 closed.
To release a component, valves 570 are closed, thereby
removing the pressurized air supply from both the cap
and rod ends of air cylinder 530.

Sensor 385 is provided to sense the “jaws closed”
position of the gripper assembly. In the preferred em-
bodiment sensor 580 is a proximity sensor, model FY-
GE/M10-0, marketed by the Microswitch Division of
Honeywell Corporation.

As will be apparent to those skilled in the art, other
electrical and/or pneumatic system layouts may be
employed. to implement the invention. Additional lead
clamping vises and pick up stations may be readily in-
corporated into the system to increase the system ca-
pacity. The types of valves and sensors may be readily
changed to suit the particular application.

From the foregoing description, it will be apparent
that the compliance mechanism of the preferred em-
bodiment is adapted to allow the connecting link 150 to
move through a predetermined range of movement
with respect to upper ball-and-socket assembly 200
when the compliance mechanism is in the first floating
state. The range of movement is generally about the
tension bolt 22§, and is defined by the amount of the
clearances between the link and adjacent surfaces of the
socket members 205,210, and between the tension bolt
225 and the bores through which it is inserted in split
ball members 215,220 and socket members 205,210. The
requisite range of movement for the application of the
preferred embodiment is relatively small, and indeed
the respective clearances shown in the Figures are
somewhat exaggerated for illustrative purposes. The
actual required range of movement is a function of the
particular application.

The compliance mechanism is further adapted to
allow the lower plate 120 and lower assembly 300 to
move through a predetermined range of movement
with respect to the connecting link when the compli-
ance mechanism i1s In the first state. The range of move-
ment is generally about tension bolt 330, and is also
defined by the clearances between the link and adjacent
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surfaces of the socket members 305, 310, and between
the tension bolt and the bores through which it is in-
serted in split ball members 315,320 and socket members
305,310. An additional degree of freedom is provided
by slot 155 formed 1n link 150, which allows vertical
movement of the assembly 300 with respect to the link
150 along the extent of the slot 155.

The multiple ranges of movement provided by the
compliance mechanism is one novel feature of the in-
vention. With the compliance mechanism in its first
state, the gripping mechanism is allowed to find a
clamping equilibrium position on the component which
is held in the clamping vise at the pick up station. This
equilibrium point may deviate from a nominal clamping
point, due to variations in the body or body-to-lead
relationship of the component. Because of the degrees
of movement of the compliance mechanism, the lower
plate may, for example, shift slightly from a horizontal
position to a slightly cocked position, or the gripping
jaws may be offset slightly from the effector center axis.
The ability to allow the effector to freely find this
clamping equilibrium means that the compliance mech-
anism accommodates the offsets or deviations in the
component size. Without the compliance mechanism,
the offset would be translated into a preload force on
the leads, which would either bend the leads or, once
the component leads are released from the pick-up sta-
tion, be translated into an offset in the position of the
leads relative to the robot arm.

After a predetermined “float time” sufficient to allow
the clamping equilibrium position to be found, the com-
pliance mechanism is actuated into the second or fixed
state. In this state, the lateral position of the gripping
mechanism with respect to the robot mounting flange is
fixed; upward vertical movement is still possible due to
the slot 135 1n link 150, as discussed above. With the
compliance mechanism in the fixed state, the compo-
nent may be released from the lead clamping vise at the
pick-up station, and the robot arm moved from the
pick-up station to a point above the predetermined loca-
tion on the circuit board where the component is to be
inserted. The robot arm is then lowered to insert the
leads of the component in pre-formed holes in the
board.

To turther facilitate the insertion process, the robot
controller may be programmed to cause the robot arm
to lower the component above its board position a pre-
determined distance, usually until the leads contact the
board, and then cause the robot arm to oscillate or
dither. The oscillatory motion moves the leads back and
forth across the respective board holes to facilitate lead
insertion. The arm then finishes its downward stroke.

The degree of oscillation or dithering will be depen-
dent upon the requirements for the particular applica-
tion. In the preferred embodiment, the oscillatory, i.e..
lateral, movements range in size from 0.002 inches to
0.02 inches.

The typical insertion cycle time of the robotic system
in accordance with the preferred embodiment is about
2.5 seconds. Of this cycle time, the compliance mecha-
nmism “‘float” time, 1.e., the time in which the compliance
mechanism 1s in the first state, after the gripping mecha-
nism has closed on the component, is typically less than
30 milliseconds. The cycle time and float time may
obviously be varied in accordance with the particular
application.

A typical insertion cycle comprises the following
steps. The component to be inserted is positioned at a
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predetermined pick up point and fixed in position at that
point, for example, by a pneumatic clamping vise. The
robot arm 1s brought to a point above the component to
be picked up. With the comphance mechanism in its
first, floating state, and the gripping mechanism fully
opened, the gripper jaws are lowered to a point so that
the jaws are disposed on opposing sides of the compo-
nent. Typically, the arm is lowered with the fixed jaw
disposed about 1/32 inch from the adjacent side of the
component. The arm is then moved laterally to bring
the fixed jaw up against the side of the component, and
the gripping mechanism 1s actuated to close the mov-
able jaw up against the opposing side of the component
to grip the component.

Since the compliance mechanism is in the first float-
ing state, the component is gripped without preloading
or bending its leads.

After the predetermined float time has elapsed, the
compliance mechanism is actuated to the second, fixed
state to lock the compliance mechanism. This actuation
causes substantially no-preload force to be applied to
the component leads. The pneumatic clamp of the pick
up station is then actuated to release the component
from its grip.

The robot arm then lifts the component, moves it to
a location above its predetermined board location, and
commences 1ts downward insertion stroke. During the
insertion stroke, the oscillation described above may be
employed. Once the component has been inserted in the
board, air pressure to the gripper air cylinder is re-
leased, allowing the rod of the gripper air cylinder to
withdraw through its expansion stroke to release the
component. The robot arm is then lifted and the gripper
jaws fully opened. With the robot arm moved back to
its position above the component pick up point, the
system is ready to commence another cycle.

The above-described invention may be used to insert

standard as well as nonstandard components. By way of

example only, the invention may be employed in appli-
cations wherein a dozen or more different types of com-
ponents, both standard and nonstandard, are inserted in
a closely packed relationship on a printed circuit board.
- With the compliance mechanism of the invention, the
system adapts to each type and size of component. With
the novel release mechanism of the invention, the sys-
tem 1s capable of insertion in a closely packed relation-
ship.

Illustrating another aspect of the invention, FIGS. 12
and 13 are top plan views of an apparatus which is
advantageously employed to clinch the leads of compo-
nents which have been inserted into a printed circuit
board, for example, by the above-described component
insertion robot. In this embodiment, the apparatus com-
prises a table surface 620 having a large aperture 622
formed therein. A printed circuit board 610 (shown in
phantom) is suspended over the aperture 622 by attach-
ment to elongated support ribs 624, 626. The ribs 624,
626 are preierably adjustable in their position over the
aperture 622 so as to accommodate variously sized cir-
cuit boards.

The surface 620 1s translatable along the axis of arrow
624 shown in FIG. 13. As will be described in more
detail below, this embodiment comprises means for
translating the table surface 20 between the respective
positions illustrated in FIGS. 12 and 13.

With at least one electrical component, inserted in the
circuit board 610 and gripped by the insertion robot, a
retractable clincher element 650 mounted for transla-
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tional movement throughout a plane which is parallel to
and beneath the printed circuit board travels through a
controlled series of predetermined movements to selec-
tively contact and clinch individual leads of the compo-
nent.

As used herein, “clinching” a component lead refers
to the bending of a component lead away from the
nominal lead position, perpendicular to the printed cir-
cuit board, to a bent or clinched location adjacent the
printed circuit board.

The clincher element movement is controlled by a
processor which 1s programmed with information defin-
ing the desired path the clincher element is to travel.
Thus, the system user is able to adapt the system to the
clinching requirements for virtually any circuit board
and any type of inserted component.

To achieve the capability for controllable movement,
the clincher element 650 is mounted in an assembly 655,
which in turn 1s carried by an upper carriage assembly
670 supported for lateral movement on a pair of lateral
rods 680, 682. The ends of the lateral rods 680, 682 are
In turn mounted 1in first and second lower carriage as-
semblies 690, 692, respectively, carried for longitudinal
movement on opposed longitudinal rods 694, 696.

Lateral drive means are provided for driving the
upper carriage assembly 670 to traverse the lateral ex-
tent of the lateral rods 680, 682. Similarly, longitudinal
drive means are provided for driving the lower carriage
assemblies 690, 692, which carry the lateral rods 680,
682 and upper carriage assembly 670, to traverse the
longitudinal extent of rods 694, 696.

The lateral drive means comprises the upper stage
stepper motor 702, mounted to carriage 690 by bracket
704. Motor 702 comprises a stepper motor, model
MO063, marketed by the Superior Electric Company. As
shown 1n FIG. 14, the motor 702 is coupled through
motor coupler 703 to the drive shaft of drive pulley 705.
Pulley 705 1s mounted on bracket 704 for rotation about
an axis in line with the axis of the motor 702.

Idler pulley 710 is carried by pulley bracket 712
mounted on carriage assembly 692. Idler pulley 710 and
drive pulley 705 are mounted for rotation about respec-
tive pulley axes which are substantially parallel. A stain-
less steel cable 714 having a diameter of 0.065 inches is
reeved around the drive pulley 705 and the idler pulley
710, and 1ts ends are secured in cable fixtures 671, 673,
which are respectively secured in opposite sides of the
upper carriage 670.

Rotation movement of the motor shaft causes the
drive pulley 705 to rotate. Rotational movement of the
drive pulley 705 imparts a driving force to the cable
714, resulting in movement of the upper carriage 70
along the rods 680, 682. So long as there is no cable
slippage, the extent of the movement of carriage 70 is
precisely related to the rotation of the motor shaft.
Thus, each angular movement step by the motor shaft
can be translated to a translational movement by the
carriage 670. In the disclosed embodiment, each step of
the motor 702 results in the translation by 0.001 inch of
carriage 70. |

The carriage 670 comprises a pair of ball bushing
members 670q, 6700 and a center carriage bracket 670c¢
fixedly coupling the bushing members and supporting
the clinch ball assembly 655. In this embodiment, ball
bushing members 670a, 6700 comprise Thompson ball
bushings, model Super-6, which are mounted on rods
680, 682, which have a diameter of 0.375 inches. The
ball bushings 670a, 760b and the rods 680, 682 are
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adapted to provide extremely low friction, facilitating
linear travel of the carriage along the rods 680, 682.

With reference to FIG. 14-16 and 18, the longitudinal
drive means comprises the lower stage stepper motor
723, secured to lower surface 618 by a mounting bracket
724, as shown 1n FIG. 19. In the disclosed embodiment,
motor 620 comprises a model M093 stepper motor mar-
keted by the Superior Electric Company. The motor
shaft 721 is coupled to drive pulley 723 by coupler 722.
Drive pulley 723 is rotatably mounted for rotation
about the motor shaft axis.

As 1llustrated in FIGS. 14 and 185, idler pulleys 726,
727, 728 and 729 are mounted for rotational movement
adjacent the motor 720 and ends of longitudinal rods
694 and 696. Idler pulleys 730 and 731 are mounted for
rotational movement adjacent the other end of the rods
690 and 692.

Cable 7235 is reeved about the drive pulley 723 and
about upper pulley 727, and end 7254 1s secured to the
carriage 90 by cable bracket 734. On the side of carriage
690 opposite from bracket 735, end 72556 of cable 725 is
secured to carriage 90 by cable bracket 735.

Cable 725 is reeved about idler pulley 729 from drive
pulley 723, and is passed to the other end of rod 692 to
idler pulley 731. The cable 725 is reeved about pulley
731, and end 725¢ is secured to carriage 692 by cable
bracket 736. On the side of carriage 692, opposite from
bracket 736, end 7254 of cable 725 i1s secured by cable
bracket 737. From bracket 737, the cable 725 is reeved
about 1dler pulley 728, and passes diagonally down-
wardly to pulley 726. From pulley 726, the cable 725
passes to the opposite end of rod 690, where it is reeved
about pulley 730 and passed to cable bracket 735.

The lower carriage assemblies 690, 692 respectively
comprise bushing members 690a, 692a, which respec-
tively encircle longitudinal rods 694, 696. In this em-
bodiment, ball bushing members 690a, 692a comprise
Thompson ball bushings, model Super-12, and the rod
694, 696 have a diameter of 0.75 inches. The ball bush-
ings 690a, 692a and the rods 694, 696 are adapted to
provide extremely low friction, facilitating linear travel
of carriages 690, 692 along the longitudinal extent of the
rods 694, 696.

The cable and pulley system shown in FIGS. 14 and
15 thus provides a means of converting rotational move-
ment of the motor shaft 721 into translational cable
movement. Both carriages 690 and 692 are driven by
the cable 723, in response to rotations of the motor shaft
721. As with the lateral drive system, the longitudinal
movement of the carriages 690 and 692 is precisely
related to the rotational shaft movement of motor 720,
with each step of motor 720 resulting in 0.001 inches of
longitudinal movement of the carriages 690, 692 along
the rods 694, 696. Thus, by controlling motor 720,
clincher ball assembly 655 can be longitudinally posi-
tioned.

Stepper motors 702 and 720 are controlled by motor
drivers, which receive digital drive signals from a sys-
tem controller. The system controller generates appro-
priate drive signals to cause the stepper motors to drive
the clincher element assembly through a desired path of
travel and/or to a desired position. In the disclosed
embodiment, the clinching element is driven at veloci-
ties up to 100 inches per second.

Referring now to FIG. 19, the clincher assembly 655
comprises a double-acting air cylinder assembly,
mounted to the carriage 670. Such air cylinders are
commercially available, and in the disclosed embodi-
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ment, a Fabco-Air model F-7-X, with a 2 inch bore and
% inch stroke, is employed.

The air cylinder assembly 655 comprises cylinder
wall 655a¢ and hollow outer piston rod assembly 653505.
The outer piston rod 6556 1s integrally formed with a
piston 635v. A pair of ports 655¢, 655y are formed
through the wall of the cylinder 655¢ to communicate
with opposing chambers 655m, 6550 defined by cylin-
der 6554, bushings 655¢, 655/ and piston 655v.

The air cylinder assembly is fitted with O ring seals
655¢ at appropriate locations to prevent air leaks. A pair
of air lines 655/ and 555/ communicate with chamber
6533m and 6350, respectively through the ports 653x,
655y, and are respectively coupled to sources of air
pressure or vacuum. The piston rod assembly 655b 1s
forced upwardly or downwardly in dependence upon
the relative pressurization of chambers 655m and 655o.

The stroke of the piston rod assembly is nominally
five-eighth inches in the disclosed embodiment. Thus,
by selective pressurization of the respective chambers,
the piston rod assembly, to which the clinching element
650 1s attached, is forced either into the upward state for
clinching or the downward retracted state. In the ex-
tended clinching position, the clinching element is di-
rectly adjacent the lower surface of the circuit board,
almost in contact with the surface. In the retracted
position, the clinching element 605 is disposed well
beneath the lower surface of the board so as not to
contact downwardly extending leads.

The clinching element 650 comprises a rounded ball
element, having as nominal diameter of 5/16 inches, and
1S secured to inner rod 655p by threaded securing means
or the like. The inner rod member 655p is biased in a
concentric relationship with outer rod 6556 by elastic
centering ring 6554 and plastic insulating bushing 655¢.
A pair of plastic insulating bushings 655¢ and 655/ are
employed to located the otter piston rod assembly 6555
with respect to the cylinder housing members 655g and
655r.

One aspect of the invention is the provision of a tac-
tile sensing means for detecting whether the clinch
operation has been successfully performed. The sensor
comprises means for sensing for electrical continuity
between the outer piston 65556 and inner rod member
655p. Due the elasticity of the centering ring 6554, the
inner rod may be deflected from its normal concentric
position in relation to the outer rod member 6555. When
it 1s deflected, for example, by the deflection force re-
sulting from the collision of a component lead with
clinching element 650, electrical continuity is achieved
between the inner rod 655p and the end outer member
6556 in the region between plastic insulating washer
655g and the elastic centering ring 6554.

A monttoring circuit, shown generally in FIG. 19 as
circuit 655s, 1s coupled between the outer rod 6554 and
the inner rod 655p by wires 6557 and 655z, respectively.
The clinch system controller monitors the circuit out-
put.

Plastic insulating bushing 655¢ secures the lower ends
of the respective inner and outer rod members in electri-
cal 1solation in their concentric relationship. Wire 655z
i1s secured to the inner rod member by a pair of lock nuts
635u. The wires 6557, 655z and the two air lines 655/ and
655/ are brought away from the air cylinder assembly

635 as an umbilical line, which is trailed or dragged

behind the air cylinder as it is moved about by the car-
riage assemblies.
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Referring now to FIG. 20, the air cylinder assembly
6355 1s shown with the clinching element in the extended
or clinch state in contact with the lead of an inserted
electrical component. The electrical lead exerts a de-
flection force on the ball 655, which deflects the inner
rod 635p with respect to the outer rod 6556 so as to
achieve electrical continuity between the two members,
resulting in a clinching signal from the monitoring cir-
cuit. Of course, the clinch ball 655 also exerts a clinch
force on the lead, such that the lead is clinched or bent
along the underside of 6106 of the board 610.

FIG. 21 1s a cross-sectional view taken along line
21—21 of FIG. 20 illustrating the relative position 6105
of the clinch ball in relation to the leads of the electrical
component and the printed conductors on the underside
of the printed circuit board 610.

FI1G. 17 illustrates one of the two air cylinders which
serves to position the table surface 620 in one of the
position shown in FIG. 12 or FIG. 13. The upper table
surface 620 is supported by conventional means (not
shown), such as a slide mechanism, for lateral move-
ment with respect to lower table surface 618. Bracket
631 is affixed to table 618 and supports one end of air
cylinder 630. Bracket 6324 is affixed to the underside of
table surface 620, and supports the other end of air
cylinder 630.

Actuation of the air cylinder 630 exerts a force tend-
ing to separate the bracket 632¢ and the bracket 631,
causing the upper surface to slide laterally toward the
position illustrated in FIG. 13. A second air cylinder
633, shown in FIG. 14, is configured to provide an
oppositely directed force to slide the surface 620 toward
the position shown in FIG. 12. Alternatively, a single
double-acting air cylinder may be employed to slide the
table surface between the two positions illustrated in
FIGS: 12 and 13.

The provision of means to translate the table surface
620, which carries the circuit board, with respect to the
clinch element drive system, increases the maximum
board size which may be accommodated by the clinch
system. A particular board can be disposed at one of the
two surface 620 positions, and the components inserted
and clinched in the portion of the board accessible to
the clinch element. The surface 620 with the board may
then be shifted to the second position, and components
mserted and clinched in the portion of the board now
available to the clinch element.

A plurality of position sensors are employed to accu-
rately determine a reference position for the-clincher
element 650, for example, in relation to the insertion
robot system, and provide end-of-travel information to
prevent the clincher element from accidental out-of-
limit contact with other structural elements.

Left and right upper stage travel limit sensors 640,
641 comprise photoelectric sensors. The sensors com-
prise LED light source 640q, 641a and photodetectors
6400, 641b. The sources project respective light beams
along axis 640c, 641c which are detected by the respec-
tive detectors 6405, 641b. Lateral movement of upper
carriage assembly 670 so as to interrupt the light beam
on either side causes an out-of-limit signal to be gener-
ated by the appropriate detector 604H or 64156. In the
disclosed embodiment, the photoelectric sensors com-
prise two miniature LED pairs, models L33 and P33
marketed by the Skan-A-Matic Corporation.

The lower stage travel limit sensors comprise Hall
effect sensors. A magnet 643 i1s mounted to lower car-
riage 692. Hall effect sensors 643a, 6436 are mounted to
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the lower table surface 618 in appropriate locations
relating to the upper and lower end-of-travel limits for
the lower carriage 692. As the carriage 692 is passed in
close proximity to the one of the Hall effect sensors, its
magnetic field triggers the sensor. Sensor 643c is the
“home” or reference position sensor. This position is the
reference or start position to which the clinch element is
typically set at the commencement of clinch operations
for each board. The controller references the various
clinch element movements from the “home” position.

FIG. 34 15 a control block diagram illustrative of the
clincher control system. A system controller 850, which
comprises a personal computer system such as the IBM
PC personal computer with memory display and key-
board peripherals, provides overall system control.

The system controller is coupled to interface device
852 by an RS232 interface bus 851. For the disclosed
embodiment, the interface device is part of a motor
control and drive system for the Superior Electric mo-
tors 702, 720 described above. The interface device 852
comprises the Modulynx system controller card, model
number 10D 009 marketed by the Superior Electric
Company.

The interface device 852 is coupled by 50 pin bus 870
to the upper and lower stage drive systems. The upper
stage drive system comprises indexer circuit 864, the
Modulynx indexer card model number IMD 128 and
driver card 865, the Modulynx driver card model num-
ber DRD 002A. Both devices 864, 865 are marketed by
the Supenior Electric Company. The driver card 865
drives the stepper motor 702.

The upper stage travel limit sensors 640b, 641b are
coupled through the respective amplifiers 640d, 641d to
the indexer card 864. An out-of-limit signal from one of
the sensors provides an interrupt signal stopping the
motor 702 from f{urther operation in the out-of-limit
direction. This interrupt provides a “soft stop,” i.e., the
system controller may drive the clincher assembly 655
up to a travel himit, where the motor is stopped, and
then drive the assembly 655 away from the limit.

The lower drive system comprises index card 866,
also a Modulynx index card model IMD 128, and motor
driver 867, a Modulynx driver card, model DRD 003.
Bus 873 couples the index card 866 to motor driver 867.
Bus 874 couples the motor driver 874 to motor 720.

The lower stage travel limit sensors 643a, b are cou-
pled to indexer card 866. An out-of-limit signal from
one of the signals provides an interrupt signal providing
a “‘soft stop” which stops the motor 720 from further
operation in the respective out-of-limit direction.

The "“home™ position sensors 643c 1s coupled to the
system controller 850. The system controller 850 also
controls the operation of air valves (not shown) control-
ling the operation of the air cylinder of the clinch as-
sembly 650. The air valves and air cylinder are indi-
cated in FIG. 34 as block 871.

The interface device 852 is further coupled to the
clinch tactile sensor circuit 855 through latch circuit
853, comprising a relay, and to the teaching and manual
control pendant 8358. The sensor 855 provides a feed-
back signal to the controller 850 indicating whether a
desired clinch has occurred.

The pendant 858 enables manual operation of the
clinch system and, in combination with an operator
keyboard comprising the controller 850, provides a
means of manually teaching or entering a desired clinch
path. The pendant includes four separate switches for
+X, —X, +Y, —Y movement, a ‘“clinch up” switch
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for extending the clinch element 650 into he extended
clinch state, a “‘step/jog” switch to select signal step or
jog movement modes, a emergency stop switch and a
switch for selecting between manual or processor con-
trol.

In a typical manual teaching sequence, an identifying
number for the component to be clinched is entered into
the controller 850 via the keyboard. Then the operator
by manually manipulating the +X, —X, +Y, —Y con-
trols appropriately, moves the clinch element 650 to the
appropriate start position required to initiate the desired
clinch path. The start position of the clinch element for
this component, in relation to the “home” position, is
then stored in the memory of the controller 850. The
controller 830 1s adapted to keep track of the position of
the clinch element in relation to the system ‘“home™
position by monitoring the number of motor steps and
their direction from the “home” posttion.

If, during the next move, it is desired to clinch a lead
of the component, the operator activates the “clinch
up” control on the pendant 858. The appropriate move-
ment controls (+X, —X, +Y, —Y) are then activated
to execute the desired clinch path. If the leads are not be
clinched during this sequence of moves, the “clinch up”
switch 1s not activated.

In the next step of the teach sequence, the final posi-
tion of the clinch head and clinch element (up or down)
are stored in the controller memory.

The preceding two steps are then repeated to perform
all desired clinching movements for the particular com-
ponent. The entire sequence is then repeated for each of
the components on the board requiring clinching.

Once the teaching mode is completed for the compo-
nents inserted on a particular board, the processor 850
will have been provided, for each component, with a
component identification number, a clinch path start
position, and a plurality of successive intermediate
clinch element positions, each with corresponding
clinch element positions (extended or retracted). These
data enable the processor to automatically repeat the
clinch element path pattern for each component in a
“run’’ operation.

In a simple run operation, the operator may manually
enter into the processor 830 the identification number of
the component to be clinched, and then signal to the
processor to execute the stored clinch cycle for that
component. Under control of the processor 850, the
previously stored or “taught” clinch path of the clinch
element will be executed while the element 650 moves
up and down as required to clinch the desired leads of
the component.

The clinch system will typically be operated in coop-
eration with a component insertion robot, as described
above. As each component is inserted into the board,
the clinching system will be operated to clinch one or
more of the leads of the inserted component. Typically,
the entire insertion and clinch operation will be coordi-
nated and executed automatically under control of the
processor 850. Moreover, it 1s expected that the system
will be data driven by positional data and cycle instruc-
ttons provided as a result of computer-aided design
techniques, rather than by manually teaching each of
the movements of the cycle.

Referring now to FIG. 22, a perspective view is
shown of an embodiment of a component insertion
system embodying the invention. In general, the com-
ponent Insertion system comprises a component presern-
tation module which includes a presentation robot 900
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for selecting a component from one of a plurality of
component feeder devices and providing the selected
component to a presentation station for lead straighten-
ing and cuiting. A component insertion module includes
an insertion robot, which retrieves the component at the
presentation station and inserts it into the printed circutt
board. The component insertion module further com-
prises a clinching system as described above for clinch-
ing the leads of the inserted component.

The component presentation module comprises a
presentation robot 900 and one or more component
feeder devices. Thus, for example, the component pre-
sentation module may include tube or stick feeders 907,
vibratory bowl feeders 908-910, tape feeders 912, and
tray feeders 913. The feeder devices per se are well
known and need not be described in further detail.

The component presentation robot 900 is adapted to
pick up a component from one of the feeder devices and
present the component to the presentation station 775.
The presentation robot 900 comprises a 4-axis servo
robot, marketed by Adept Technology, Inc., Sunny-
vale, Calif,, as in the “Adept One” robot.

The system further comprises a printed circuit board
locating and transfer system (the “BLT system’) which
automatically transfer the board into and out of the
system work cell. The printed circuit board is precisely
located at the insertion station 772 by the BLT system
during the assembly cycle so that the board position is
precisely registered with respect to the component
insertion and clinching operations. In the disclosed
embodiment, the board locating and transfer system
comprises a printed circuit board conveyor system 750.
The conveyor system is adapted to automatically con-
vey the printed circuit board which is mounted on the
conveyor into position to and from the insertion station
772.

Another aspect of the invention is a means for
straightening the component leads and cutting them to
a predetermined length. The lead straightening and
cutting means comprises a pair of plates disposed at the
presentation station, in combination with the presenta-
tion robot 900. In accordance with the invention the
presentation robot 900 inserts the component leads into
oversized lead openings formed in the straightener/cut-
ter plates, and then oscillates the component body
through a predetermined series of movements, bending.
the leads back and forth in a repetitive exercising mo-
tion so as to straighten the leads.

The presentation robot 900 then releases the compo-
nent body, with its leads clamped in the lead straighten-
ing and cutting plates. At this point the component
insertion robot 920 moves to the presentation station
775 and 1ts end effector 922 grips the body of the com-
ponent. If the leads are not to be cut, the lead clamp is
released and the part-is inserted. However, if the leads
are to be cut, the lower plate is moved by a powerful
shear cylinder to shear the leads.

The component is then inserted by the insertion robot
system 920. In this embodiment, robot 920 comprises
the Seiko robot system and the novel end effector de-
scribed hereinabove with respect to FIGS. 1-11.

Another facet of this embodiment is to employ the
clinching apparatus described hereinabove to clinch the
leads of the components as they are inserted into the
printed circuit board. Thus, as each part is inserted into
the board, the clincher element is operated through a
preprogrammed clinching movement to clinch its leads.

)
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‘The 1msertion robot then releases that component and
returns to the next station.

For the embodiment shown in FIG. 22, the rectangu-
lar upper table surface 602 as described with respect to
the clinching system embodiment shown in FIG. 12 is
replaced by elements of the conveyor system.

Thus, the system described in FIG. 2 is a general
purpose and flexible system adapted to efficiently select
a part to be inserted, straighten and cut the leads, and
then insert and subsequently clinch the leads to the
printed circuit board. The system is highly flexible in
that it i1s not limited to a single board application, but
rather is programmable to accommodate a wide variety
of printed circuit boards, components, and assembly
operations. Moreover, no mechanical changes are re-
quired to shift from one type of board to another. So
long as the required components are made available at
the feeder devices, the system can accommodate differ-
ent board products simply by modifying the system
software. This is a substantial advantage over systems
which require mechanical retooling to change over
from one product to another.

Referring now to FIG. 24, a top view of the con-
veyor system 750 is illustrated. The conveyor comprises
a pair of flexible chains comprising a plurality of linked
chain elements which are reeved about idler and drive
pulleys disposed along the longitudinal extent of the
COnveyor.

In the disclosed embodiment, the conveyor 750 com-
prises a pair of elongated side rails 751, 752 mounted in
substantially parallel relationship. Each of the side rails
51, 752 comprises a channel whose width is adapted to
receive an extending leg of the respective chain ele-
ment. This 1s shown, for example, in FIG. 25, a cross-
sectional view taken along line 25—25 of FIG. 24,
wherein an element of chain 755 is shown with a leg
member 735a disposed in a receiving channel 752q
formed in the side rail 752. In the FIGS. 24 and 28, idler
shaft 756 and idler pulleys 757 and 7574, as well as drive
shaft 758, drive pulley 759 and drive motor 760 are
visible or shown in phantom.

The printed circuit boards 770 are received in a board
oracket 768 for transport along the conveyor 750. The
conveyor 750 1s fitted with clamping means for clamp-
ing the board bracket 768 in fixed position. The clamp-
ing means 1s llustrated in FIGS. 26 and 27. In tHe longi-
tudinal cross-section of FIG. 26, the upper rail 763 is
shown in relation to the elongated side rail 752. The
upper rail 763 is mounted for vertical movement on
shafts of the air cylinders 764 and 765. Thus, by actua-
tion of the air cylinders 764, 765 the rail 763 may be
moved vertically upwardly or downwardly so that in
the downward position the board bracket is clamped
between the adjacent surfaces of ratls 752 and 763.
Upper rail 762 1s supported in a similar fashion by a
corresponding pair of air cylinders.

In the horizontal cross-sectional view of FIG. 27, the
bracket 768 1s shown as it is supported between the two
conveyor chains 754, 753. The upper rails 763, 766 are
illustrated in the raised position with respect to the
bracket 768. Thus, by actuation of the pairs of air cylin-
ders supporting the upper rails 763, 766, these rails may
be brought into clamping relationship so as to clamp the
bracket 768 in a fixed position.

The component insertion station is generally indi-
cated by phantom line 772 in FIG. 24. With the printed
circuit board 770 held in bracket 768, which is in turn
clamped in position by the rail clamp as described
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above, a clinching system such as has been described
with respect to FIGS. 12-21 may be constructed in
relation to the insertion station 772. In this application,
the table surface 620 of the previous embodiment is
replaced with the conveyor system 750 and the bracket
768.

The component presentation station 775 (FI1G. 24)
receives the selected component from the presentation
robot 900. At this station, the component leads are
straightened and cut to a predetermined length. Refer-
ring now to FIGS. 29-32, the elements at station 775
comprising the component lead straightener and cutting
system are disclosed in simplified form.

The lead straightening and cutting system comprises
a pair of plates operated in combination with the com-
ponent presentation robot 900. Straightener plate 778
and shear plate 779 are arranged in a parallel, contigu-
ous relationship. The lateral position of upper plate 778
1s fixed. The thickness of straightener plate 778 deter-
mines the length of the component leads after the shear-
ing operation. This thickness will depend on the partic-
ular application; in the disclosed embodiment, plate 778
has a thickness of 3/16 inches.

A plurality of funnel-shaped openings are formed in
the plates 778, 779, defining one or more opening pat-
terns respectively corresponding to the component lead
pattern of one or more components. The hole patterns
employed in the preferred embodiment extend over a 2
Inch by 4 inch rectangular area, to accommodate com-
ponents as large as 2 inches by 4 inches. There is formed
in the plates 778, 779 a plurality of opening patterns
which will collectively accommodate the various types
of components to be inserted into the particular board,
or into a plurality of board types. The system is pro-
grammed with information defining the respective posi-
tion of each opening pattern, and the robot 900 is
adapted to insert the respective component into the
corresponding opening pattern.

The openings formed in straightening plate 778 are
funnel-shaped, as illustrated in the cross-sectional view
of FIG. 32. The size of the openings will depend on the
diameters of the component leads to be inserted, and the
component lead spacing. For components having in-line
leads, the respective funnel openings may be arranged
as series of tangential openings to maximize the ability
to insert bent leads into the openings in the straighten-
ing plate. A typical opening size is 0.120 inches at the
top of the funnel opening in plate 778, and 0.067 inches
at the bottom of the funnel.

Shear plate 779 i1s mounted in a sliding relationship
with respect to straightener plate 778. The position of
lower plate 779 in relation to plate 778 is determined by
the opposing clamp and shear air cylinders 782 and 784.
The air cylinders 782, 784 are secured to opposing ends
of lower plate 779 in an axially aligned relationship, as
shown in phantom in FIG. 31.

With the plates 778, 779 aligned so that the respective
openings in each plate are aligned, the presentation
robot 1s adapted to insert the component leads into the
appropriate opening pattern in plates. Air cylinder 782
has a diameter of about 1 inch, to which a supply of
pressurized air at 100 psi is selectively coupled through
a valve (not shown), to exert a laterally clamping force,
typically about 20 pounds on plate 779. The purpose of
cylinder 782 is to clamp the leads in position by slightly
moving the lower plate in relation to upper plate 778.
The clamping force is not sufficient to shear the compo-
nent leads.
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The purpose of shear cylinder 784 is to exert a shear-
ing force on the lower plate 779 so as to forceably move
the lower plate 779 in relation to upper plate 778 so as
to shear the component leads as they extend below the
plate 778. In the disclosed embodiment, the air cylinder
784 has a diameter of 4 inches and a } inch stroke, and
1s coupled selectively to a 100 psi air supply through an
air valve (not shown) to exert 1200 pounds of cutting
forces.

Shear cylinder 784 comprises shear arm 784a which is
connected to a clevis 779a, secured to the plate 779. The
pin 784¢ extends through slot 78456 formed in arm 784a
to secure the clevis 779a to the arm 784a. The slot al-
lows free clamping movement of the lower plate 779
caused by actuation of air cylinder 782, without requir-
ing the clamp cylinder 782 to exert enough force to
move the shear cylinder 784.

A pair of microswitch sensors 7980, 791 are appropri-
ately arranged to be triggered by arm 7796 mounted to
the clevis 779a. Sensor 790 indicates that the plates are
in the aligned position, and sensor 791 indicates the
end-of-travel for the shear motion, providing a positive
indication that the shear action has been performed.

The lead straightening and cutting system further
comprises the presentation robot 900. The robot 900
employs an end effector 905, shown in FIG. 33,
mounted on robot arm 901, to grip the components at
the feeder devices. The end effector is adapted for a 45°
pitch angle to accommodate gravity feeder tracks, and
can be actuated to rotate 45° to squarely present the
. gripped component to the presentation station 775.

The end effector body member 906 is adapted to
rotate about hinge pin 906 in response to the force
executed by the air cylinders 9074, 90656, The air cylin-
ders comprise arms 907¢, 9074, which are secured to
corresponding clevis members 906b,¢ formed on body

member 906. The end effector components are coopera--

tively arranged so that the gripping fingers may be
disposed at a 45° angle from the horizontal, or at the
horizontal plane.

The end effector 905 comprises two pairs of fingers,
an outer palr 9034, 9055, each formed with a respective
protruding tang 905¢, 9054, and an inner pair 905¢, 905/,

The outer fingers 905a, 9055 are each mounted for
translation in directions normal to the plane of surface
905;, i.e., into ad out of the plane defined by surface
905:. Each of fingers 9054, 9055 1s biased in the extended
postition illustrated in FIG. 33 by low pressure air cylin-
ders (not shown).

The inner fingers 905e, 905/ are arranged for transla-
tion toward and away from each other. Their move-
ment 18 driven by pneumatic air cylinder means (not
shown) and 1s synchronized such that each finger is
driven inwardly or outwardly in synchronization with
the other finger. The fingers 905¢, 905/ are arranged to
exert a strong gripping force on the gripped compo-
nents, greater than 50 pounds, to firmly grip the compo-
nent for the lead straightening sequence.

The end effector 905 further comprises a hold-down
pin 905¢g which is biased in the extended position shown
in FIG. 33 by a spring or air cylinder (not shown), but
which may be depressed inwardly. The end effector
further comprises a microswitch sensor 9054 mounted
to indicate when the inner fingers have fully closed.
The sensor 905~ thus provides a signal that the fingers
905¢, 905/ have failed to grip a part, since the fingers do
not go the fully closed position when a part has been

gripped.
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The operation of the end etffector 1s more fully de-
scribed with reference to FIGS. 36(a)-(c). FIG. 36(a)l-
lustrates a partial side view of a tube feeder 925, ar-
ranged at a 45° angle from the horizontal. A plurality of
components 927 having in-line leads are stored in tube
927. The feeder 925 includes a central rib 925(d). The
leads of the components 927 straddle central rib 925(d).
A retainer pin 925(c) is passed through the end of rib
925d.

A novel aspect 1s the L-shaped spring clip 925a se-
cured by fastener 925b to the body of feeder 925. The
L-shaped clip 925a further includes a curved tang 9254,
and the elongated side 925e¢ forms a 90° angle with
retainer portion 925/ While not visible in the side view,
retainer portion 925/1s about one third the length of side
portion 925e.

The purpose of clip 9254 is to provide a stop means
preventing the leads of components 927 from colliding
with pin 925¢ and thereby bending the leads. With the
clip in the position shown in FIG. 36(a) the trailing or
back edge of the first component is retained inside the
tube, preventing the component from tumbling out of
the feeder 925 as the components are loaded.

Referring now to FIGS. 36(b),(c), side views of the
end effector 905 and the feeder 925 are shown, with
F1G. 36(b) illustrating an initial contacting position as
the end effector initially engages the feeder 925, and
FI1G. 36(c) illustrating a fully engaged position for ex-
tracting the component. The end effector is moved
along axis 925¢ from the position of FIG. 36(b) to that
of FIG. 36(c).

The outer finger 9054 initially engages the clip 9254,
and depresses 1t out of engagement with the body of
component 927. Component 927 then slides down the
central rib into engagement with pin 925¢. As the effec-
tor approaches the feeder 925, the tang 905¢ engages the
body of feeder 925, and as the effector 905 moves to the
fully engaged position, the outer finger 905« slides in-
wardly into surface 905/, against the bias of its corre-
sponding air cylinder.

In the fully engaged position of FIG. 36(c¢), the inner

Jjaws 905¢, 905/ are in position to grip the component 72,

the hold-down pin 905g having engaged the trailing
edge of the component 927 to hold the component
down 1nto contact with central rib 9254, allowing the
end effector 90§ to squarely grip the component 927.
As shown in the top view of FIG. 23, the presentation
robot 900 selects one component from the plurality of
component feeders. The end effector 905 is adapted to
securely grip the body of the selected component for
the ensuing lead straightening sequence. In this se-
quence, the presentation robot moves to the presenta-
tion station 775, and inserts the component leads into
the corresponding opening pattern in the plates 778,
779, which are in the aligned position. With the leads
inserted in the funnel openings and their position sub-
stantially constrained, the presentation robot executes a
predetermined series of oscillating movements moving
the component body with respect to the constrained
leads. The particular movements are typically empiri-
cally determined for each particular component type. A
typical series of movements is to repetitively oscillate
the component body in four directions +X, —X, +Y,
—Y, 1/32 inch away from the central inserted position.
The oscillatory movements are adapted to flex the
leads in one direction (for example, +X) to a minimum
yield point, 1.e., the deflection at which the lead no
longer springs back or returns to its initial position, and
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then to flex the lead in the opposite direction (—X) from
the central position to the opposite yield point. The
yield point depends on factors such as the stiffness of
the leads and is empirically determined. The leads may
then be flexed in the direction (4 Y,—Y) normal to the
first series of movements. More than one series of move-
ments may be required. Upon completion of the oscilla-
tory movements, the leads will be aligned at averaged
positions within a few thousandths of an inch from the
nominal, perfectly aligned condition. It is desirable to
minimize the required oscillations, to minimize the risk
of breaking the leads.

An aspect of the invention is the flexibility of the
system to accommodate virtually any component and
straighten 1ts leads sufficiently that the insertion robot
can successfully insert the component into the circuit
board. Because the funnel openings comprising the
opening patterns in the plates 778, 779 are over-sized
relative to the circuit board opening, the presentation
robot is able to insert components into the plates 778,
779 which could not be successfully inserted into the

circuit board by the insertion robot because one or more
of the component leads are misaligned.

FIG. 35 1s a block diagram illustrative of the control
system for architecture controlling the operation of the
component insertion system shown in the perspective
view of FIG. 22. In this embodiment, the system con-
troller 850 provides overall control over the entire sys-
tem. As described above, controller 850 comprises a
personal computer station, such as the IBM personal
computer, with associated memory, display and key-
board functions, enabling a system operator to interface
with the system. -

In the embodiment, the presentation robot 900, as
well as the insertion robot, comprise commercially
available systems, and each system includes a robot
controller, indicated in FIG. 35 as presentation robot
controller 955 and insertion robot controller 960.

The system controller is interfaced with the presenta-
tion robot controller 955, the insertion robot controller
960 and the clinch system (indicated generally as block
965) through interface device 980. Each robot controi-
ler is programmed to accept instructions from the sys-
tem controller 850, and to provide responsive informa-
tion to the controller 850, via the interface device 980.
The component clinch system 965 is directly con-
trolled by the system controller, as described above. -

The board transfer and locating system, indicated
generally in FIG. 35 as block 970, is controlled by the
presentation robot controller 955. Thus, controller 955
1s adapted to control the operation of the conveyor
motor and the air cylinders actuating the clamp mecha-
nism for fixing the location of the board bracket 768 at
the insertion station 772.

The presentation robot controller 955 is further
adapted to control the operation of the lead straightener
and cutting system. Thus, the controller 955 controls
the function of the clamp and shear cylinders, and moni-
tors the sensors 790, 791. The controller 850 indirectly
controis the operation of the presentation robot 909, by
interfacing with the robot controller 955.

The system controller 850 is programmed to perform
such functions as system start-up control, data handling,
system sequencing, error fielding, and controlling the
teaching sequences for the insertion robot and the
chinch system. A listing of an exemplary program for
the IBM personal computer is set forth in Appendix A.
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The presentation robot controller 955 includes a pe-
ripheral disc drive memory unit, enabling the controller
to perform several program functions. The controller
955 controls the movement of the presentation robot
arm and end effector, i1n its part retrieval function. The
controller 955 also controls the straightener and cutter
operation sequence, and the handshaking performed
with the insertion robot to ensure that the operations of
the two robots are properly sequenced to avoid colli-
$10nS.

The above functions are performed by one program
for the controller. By another program, the controller
955 communicates with the system controller 850 and
controls the operation of the board locating and transfer
system. Another program is employed for the manual
teaching sequence by which the pick up location and
presentation location of each component are loaded into
memory. Another program performs safety functions to
provide for safe operation following emergency stop of

the system, and verification that the position data which

has been learned by the controller are regionally cor-
rect, 1.e., not in conflict with the insertion module. A
listing of an exemplary program for the controller 955
employed in this embodiment is set forth in Appendix B.

The insertion robot controller 960 is adapted to carry
out a component pick-up and insertion function. The
movement of the insertion robot arm and the operation
of the end effector are under the control of controller
960. Other functions performed by this controller in-
clude part presence sensing, tactile insertion sensing,
handshaking with the clinch system, teaching of the
insertion movements and testing. A listing of an exem-
plary program for the controller 960 employed in this
embodiment is set forth in Appendix

It is to be understood that the control system is pro-
vided with insertion program information for each type
of board to be processed. The information defines the
sequence by which the various components are to be
inserted into the board and their respective board loca-
tions. The control system is further provided with infor-
mation defining the location of each part feeder device
and the appropriate component type provided at that
feeder device. |

The system controller 850 is adapted to coordinate
the operation of the above-described components of the
component insertion systems. A series of steps occurs in
sequence. First, the BLT system is operated to convey
a circuit board to the insertion station and clamp it in
the insertion position. The presentation robot selects the
first component from the appropriate feeder device and
delivers 1t to the component presentation station, where
the leads are straightened. The presentation robot then
releases the component and moves away to select the
next component.

The 1nsertion robot then grips the first component at
the presentation station and the leads may then be
sheared. The insertion robot then inserts the component
at its predetermined location on the board. While the
Insertion robot grips the component in its inserted posi-
tion, the clinching element clinches predetermined
leads of the component. The insertion robot then re-
turns to the presentation station to grip the next compo-
nent.

These steps are repeated until all the components on
the board have been inserted. The BLT system then
conveys the finished board away from the insertion
station and delivers a new board to the station.
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For the sake of clarity, specific details concerning the
interfacing of the respective controllers 8350, 955, 960
have been omitted. For similar reasons, specific details
concerning air valves, motor drivers and peripheral
devices for interfacing the controlier 850 with the vari-
ous elements of the board transfer and locating system
970 and the lead straightening and cutting system 975
are omitted. Such details will be apparent to those
skilled in the art from the above description.

An improved component insertion system has been 10

disclosed. The system provides the flexibility of adapt-
ing to insertion of different products without mechani-
cal retooling, by changing the controller software. The

28

sembly lines by substantially reducing the time required
to convert the line from assembly of one type of circuit
board to another type. Moreover, because retooling 1s
not required, the capital expenditures required to imple-
ment an assemble line capable of assembling a plurality

of circuit board types may be reduced.
It is understood that the above-described embodi-

ment is merely illustrative of the many possible specific
embodiments which can represent principles of the
present invention. Numerous and varied other arrange-
ments can readily be devised in accordance with these
principles by those skilled in the art without departing
from the spirit and scope of the invention.

system enhances the productivity of circuit board as-
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- "APPENDIX A
1 "= e e e e e A ——
20 CLINCH SUPERVISORY P RO GRAM
30 ' 5/11/85 '
40 ' CHAD INDUSTRIES
5@ ' WSP
7 S
120 ' Initialication
110 KEY OFF:CLS
120 CLQOSE:CLEAR
130 ° |
150 OPEN "COM1:960Q ,N,8,1" AS #|
160 OPEM "PARTFILE.,CLN" AS t#4
170 'OPEN "HOMEFILE.1" AND "HOMEFILE.Z" FOR INPUT AS 4G
18@ 'OFEN "PARAFILE.DAT" FOR INPUT AS #G
1960
200 7
210 FIELD #4,5 AS PT$,6 AS X$[11,6 AS Y${11,2 AS Pl 1)
200 FIELD #4,18 AS NL1%,6 AS X$s(Z21),6 AS YS[(2]1,2 AS Ps[ 2]
250 FIELD #4,353 A5 NLZS,6 AS X$(251,6 AS Y8{3],2 AS Ps[3)
240 FIELD #4,47 AS NL3%,6 AS X${41,6 AS Y3[4],2 AS Psl 4]
250 FIELD #4,61 A5 NL4%,B6 AS X3[5],6 AS Y$[G51,2 AS Ps[5]
260 FIELD #4,7Y5 AS NLS%,6 AS X&%{6l,6 AS Y$[B61,2 AS PS(6E]
~70 FIELD 34,88 AS NLB®,6 AS X3L71,8 AS Y$[(71,2 AS P${ 7]
280 FIELD #4,185 AS NL7%,6 AS X%[81,68 AS Y$[8] 2 AS P3{ 81,2 AS CR%
290 °
300 XLIMIT=10600:YLIMIT=1350@0 '189210,11187
310 PARTLST=0:CRLF$=CHRS( 13 )+CHR$( 10
329 °
4790 L.OCATE 18,5,90,2,13
470 'FPRINT "ARE YOQU USING & MONOCHROME MONITOR (M) OR A COLOR MONITOR (Cy 7?2
447 *MNTRE=INPUTSC] ): ITF MNTRS -"M" ANUD MNTRS > "C" THEN 4720
4G 'IF MNTR$="M" THEM MNTR.SEG=RHBQOO
460 'IF MNTR$S="C" THEN MNTR.SEG=6HB8OR
A70 MNTR,SEG=&HEQRACQ
420 6GOTO 1080 "rxrres s rxexCOMMENTED 37289
GO ' Setup and Homing
S1@ DEF SEG=MNTR.SEG
520 BLOAD "HOMEFRML.DAT",0
520 LOCATE 20,50,0
549 INPUT "HIT RETURN WHEN READY..." ,DUMMYS
55@ CLS
5@ IF NOT EOF(1)Y THEN D$=INPUTS{LOC(1),#1)
L7900 GOSUB 1620 'homing routine
g IF NOT EOF(1) THEN D®=INPUTS(LOCCL),#1)
53@
1200 ° Central Operating Routine :



1010
19015
1020
1030
1040
1045
1950
1060
1070
1080
1090
1100
1110
1120
1130
1135
1140
1145
1150Q
1155
1160
1165
1170
1200
1210
1215
122

1230
123

{240
1250
1300
1310
1312
1314
1320
1330
1340
1359
1360
1400
1600
1605
1610
1615
1620
1625
1630
1635
1640
1645
1650
1655
1660
1855
1670
1675
168¢
1685
169@
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PRINT #1 . CHRS(20)+"3";

DEF SEG=MNTR.SEG: BLOAD "OPERFRAM.DAT".O

LOCATE 158,11,1,2,13:PRINT "ENTER COMMANDS AS DESIRED":

_QCATE 18,12,1,2.13

LINE INPUT COMMANDS
‘IF LEFT$(COMMANDS, 1)="A" THEN D=0:G0TO 1300
IF LEFTS(COMMANDS,4)="HERE" THEN D=1:GO0T0O 1200 '2000
IF LEFT$(COMMANDS,4)="MOVE®" THEN D=2:G0TO 1280 '3000
IF COMMANDS="WHERE" THEN D=3:G0T0 1200 ' 4000
IF LEFT$(COMMANDS,4)="DISP" THEN D=4:60T0 1200 '4700
IF LEFT$(COMMANDS,5)="PRINT" THEN D=5:G60TO 12080 ‘4400
IF COMMAND®="HELP" THEN D=6:G60T0 1200 ' 4600
IF COMMANDS="QUIT" THEN D=7:G60T0 1200 ' 4800
IF LEFT$(COMMANDS,4)="TERM" THEN D=8:60T0 1200 'S5000
IF COMMANDS$="UP" THEN D=8:60T0 120 '5500
IF COMMANDS="DOWN" THEN D=9:G0T0 {200 ' 5500
IF LEFTS(COMMANDS,4)="PARA" THEN D=10:G0TO 1200 '600C
IF LEFT$(COMMANDS,3)="RET" THEN D=11:60T0 1200 ‘9000
IF LEFT$(COMMANDS,4)="EDIT" THEN D=12:G0TO 1200 ‘9700
IF LEFT$(COMMANDS,5)="ERASE" THEN D=13:60T0 1200 '9E0¢C
IF COMMAND$="HOME" THEN 5Q0

GO0TO [.2o@

Gty D GOSUR 2@@9,3@@@,4@@@,42@@,44@@,4896,48@@,521@,55@@,5@@@,9@@@,92@@,95@@

IF E=1 THEN 1400

LOCATE 24,15:PRINT SPACES(23); a
LOCATE 24,2:PRINT “"Last Command: ";COMMANDS ;

_OCATE 15,11:PRINT SPACES(E7);:LOCATE 16,2:PRINT SPACES(77);
LOCATE 18,12:PRINT SPACES$(20);

G0TO 1030Q

L]

Emergency Stop
PRINT #1,CHR$(3);

LOCATE 15,11,@:INPUT "MOVE ABORTED, HIT RETURN TO RESET".DUMMYS
PRINT #1,"®.":CRLFS;

PRINT #1,"X.B200.H4000.A2000Q." :CRLFS

PRINT #1,"Y.B200.H4000.A20000. " : CRLFS;

LOCATE 15,11:PRINT SPACES(35);:L0CATE 18,12:PRINT SPACES(1Q)

GOTO 50@

! CLINCH INITIALIZATION
PRINT “ CLINCH HOMING..."

PRINT #1 ,CHRS(2@)+" 3",
NPEN "HOMEFILE.1" FOR INPUT AS #5

WHILE NQT EQF(S)
LINFE INPUT #5 HOMELINES
PRIMT #1,HOMELIMNES:CRLFS;
LINE INPUT #1,DUMMY$:DE=INPUTS(1, 41 )
' PRINT DUMMY$
WEND
CLOSE #5
OPEN "HOMEFILE.2" FOR INPUT AS #5

PRINT #1,"X.BS0.YV.B5@.":CRLFS; :LINE INPUT #1,DUMMYS:DS=INPUTS(1 %1}
' PRINT DUMMYS$ - |
FOR I= 1 TO 9
LINE INPUT #5,HOMELINES
PRINT #1 HOMELINES;:CRLFS:
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1695 LINE INPUT #1,DUMMYS:DS=INPUTS(1, #1)

1702 7 PRINT DUMMYS

1785 IF I=3 OR I=7 THEN 1710 ELSE {720

1719 LINE INPUT #1,YSTATS:DE=INPUTS( 1, ,%1)

1715 IF INSTR(OYSTATS,"Q" )=1 THEN 1720 ELSE 1590

1720 NEXT 1

1725 CLLOSE #6

1738 LINE INPUT #1,C1$:D8=INPUTSC(L #1):LINE INPUT #!,C2%:D$=INPUTS(1,#1)
1735 IF CL$:>"+Q@,@0/32,(NA X" THEN 17BS

1740 IF C2%7°:"+00,00/32,(NA,Y" THEN 1785

1745 PRINT #1,"X.B1Q0.HZ200.A5000.Y.Bl10Q.H200.A5000." ;CRLFS:

1750 LINE INPUT #1,0DUMMYS:DS=INPUTS( ! #1)

1795 PRINT * CLINCH HOMED™ |

{760 RETURN

1765 PRINT "#» CLINCH HOMING ERROR &

770 PRINT C1%,C2%:PRINT "HIT ANY KEY TO TRY AGAIN..."

1775 DE=INPUTS( L)

1780 GOTO 16820 -

1785 ' e e

2000 ' Here Routine

201 °

2020 IF LEN(COMMAND®):B THEN 2060

2030 LOCATE 15,10:PRINT SPACE®(S50):LOCATE 15,11:PRINT "INPUT C##t.tt";
2040 LOCATE 18,17:INPUT "C",PNTS

2050 COMMANDS="HERE C"+PNT%

206Q DC=INSTR(COMMANDS,"C" ):BP=INSTR(COMMANDS, " . ")

<065 IF O0P=0 OR DU=@ THEN Z2@30

2079 PART=UVAL(MIDS(COMMANDS ,DC+1 ,DP-0C )

208 PATHFT=VAL(RIGHTS(COMMANDSE , 1))

@30 GOSUB 12130 'Display complete path

2100 GOSURB 11020 'Get current location

2110 CXIPATHPT 1=X5TEPS

2120 CY[PATHPT 1=YSTEPS

2130 LOCATE 15,11:PRINT "DURING THE MOVE, IS CLINCH BALL TO BE";
214Q LOCATE 16,11:FRINT "POSITIONED.. .UP OR DOWN 7";

21590 LOCATE 18,24, 1:INFUT "-" ,PPP%

2160 IF LLEFTS(PPP%,1)="U" THEN PP$[PATHPTI="1" ELSE PPS[PATHPTI="0Q"
2172 GOSUB 13000 'Display mew path

Z1R@ GOSYUB FZ200Q@ 'File new path

2190 LOCATE 15,10:PRINT SPACES(4@)

2200 RETURN

o1y !

3000 ° M O V E ROUTTINE

541@ ° |

5220 CMD$=COMMANDSE':STOF

302@ IF LEN(CMDE)- B THEN 3600 '6G0OTO FORMATTING NOTE

Z04Q MC=INSTRICMOS,"C")Y:IF MCY>0 THEN 3200

S05@ U

306Q@ MX=INSTR(CMDS,"X"):IF MX=@ THEN 3500

3070 CHO®=RIGHTS(CMDRS,LEN(CMDE )-MX )

3080 CX$=STRE(VALI(CMDS)):IF - CX$="0" AND ASC(CMD$)<>48 THEN 3500
3090 MY=INSTR(CMD®,"Y"):IF MY=@ THEN 3500

3100 CMD$=RIGHTS(CMDS ,LEN(CMDSE )-MY )

3110 CY$=STRE(VAL(CMDS)):IF CYS="0" AND ASC(CMD%)< 48 THEN 3500
3120 IF UAL(CX$) " XLIMIT CR VAL(CYS) ) YLIMIT THEN 214¢

3130 LOCATE 16,11:PRINT "COORDINATES ARE QUTSIOE OF LIMITS":GOTO 39500
3140 MOVESTRGS="Y . M"+CY$+" . X . M"+CX%+" ,6.Y.G.BWB." |
7150 PRINT #1,MOVESTRGS;CRLFS;

5160 LINE TNPUT #1,R3:08=INPUTS( L #1) '*sssxxxrrrrxvxxxsxADDED Z/29/85
3170 IF R$>MOVESTRG® THEN BEEP:PRINT #1,CHR$(3):
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LOCATE 18,17,1:INPUT "C" ,PARTS

GOTO
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5610

MP=INSTR(CMD$,"."):IF MP=0 THEN 3500
PART=UAL (MID$(CMD$ ,MC+1 ,MP-MC=1)): IF PART=0 THEN 3500

GOSUB 12138

'GtT PATH COORDINATES

PATHPTE=RIGHTS(CMDS, 1)

IF PATHPTS="#»"

THEN 3300

PATHPT=UAL(FPATHPTS ): IF PATHPT<! OR PATHPT>8 THEN 3500
CX$=STRS(CX[PATHPT 1 }:CY$=STRE(CYIPATHPT ] ):CP$=PPS$I[PATHPT ]
CXE=RIGHTS(CXS,LEN(CX$)-1):CYSE=RIGHTS(CYS,LEN(CYE)-1)
GOSUB 5400

PRINT #1,"X.KILQ.P.BUWE.":;CRLFS;

LINE
60TO

‘

INFUT #1,DUMMYS:D8=INP
5600

JTEC],#1)

FOR PATHPT=1 70 8
IF CX{PATHPT]=-1 OR CY(PATHPTI=-1 THEN PATHPT=9:G60T0 3350
CX$=STR$(CXLPATHPT1):CY$=STRS(CYIPATHPT )
CX$=RIGHTS(CX$,LEN(CXS)~1):CYS=RIGHTS(CYS,LEN(CYS$S)-1)
CP$=PPS{PATHPT ]
GOSUB 3400
NEXT PATHPT
PRINT #1,"X,KZLQ.P.BWE."iCRLFS;
LINE INPUT #1,DUMMY$:DS=INPUTS(1 1)

3500

GGTO

MOVESTRGS="Y.M"+CYS+"  X.M"+CX$+" . 6.Y.G.BWE."
CYLSTRG®="X.KZL"+CP$+".P.BWG."
PRINT #1,CYLSTRGE+MOVESTROS®;CRLFS;

RETU

Where Routine

GOSUR 119200
RETURN

b

Displav Routine

LEN{COMMAND® )6 THEN 4760

B 15,1@:FRINT SPACES(S5@):LOCATE 15,11:PRINT "INPUT C$";

COMMANDE="DI15SP C"+FPARTS
DC=INSTR({COMMANDS, "C" )
IF DC=@ THEN 4230

PART=

INT(UAL(RIGHTS(COMMANDS , LEN( COMMANDS )=-DBC ) ) )

LINE INPUT #1,R$:DE=INPUTSC(],31) ‘*xesrxsrexxrsvrxr+ADDED 3/29/85
'IF R$<>MOVESTRGS+CYLSTRGS® THEN BEEP:STOF
RETURN
L OCATE 15,11 :PRINT "REFORMAT COMMAND AS SHOWN BELOUW
_OCATE 18,12:PRINT "MOVE "
_OCATE 20,14:PRINT "MOVUE C##tt.%# (1-8) One point"“;
L OCATE 21,14:PRINT "MOVE CR%%t.+ Complete path “;
' LOCATE 22, 14:PRINT "MOVUE X##fitd Yid#tt Coordinate move":
 OCATE 18,17 ,1:LINE INPUT ™" ,NEWCMDS
COMMAND®="MOQUE "+NEWCMDS
GOTO 5000
GOSUB 1500 'Display part path
GOSUR 110@ 'Get current location®
N
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4 300
4510
4520
4600
4610
4620
4650
4640
4650
4660
4570
4680
4RAG
4819
48.0
4830
50@0
5010
5029
5030
5040
505¢
5060
SA70
5080
5090
5100
Sl1@
5149
5159
5140
5150
5160
5170
5180
5130
5200
5210
52,9
5220
5240
5250
5.6
5270
55008
5510
5520
5530
5540
5550
5569
5570
5580
5550
5609
5610
5620
5790
5710
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GOSUB 12172 'Retrjeve File

GOSUB 15000 'Display points

RETURN

‘ Help Routine

LOCATE 1S,11:PRINT "...ONE MOMENT PLEASE... !
'DEF SEG=MNTR.SEG:BSAVE "C:CURFRAME.DAT",0,15384
DEF SEG=MNTR.SEG:BLOAD "HELPFRAM.DAT",0Q

LOCATE Z24,Z2@:LINE INPUT "HIT RETURN TO CONTINUE..." DUMMY$%
DEF SEG=MMTR.SEG:BLOAD "OPERFRAM.DAT",D 'C:CURFRAME .DAT™"
RETURN

! Wiit Routine

CLS:END

‘ Terminal Routine

OPEN "COM1:8600,N,8,1" AS t1

CLS

LOCATE .1

B3 = INFEYS®

IF BS=0HRS(L7 ) THEN §2G60

IF BF=CHR®(13) THEN BRE2=B$+CHRS( Q)

IF B8<>"" THEN PRINT #1,.B%;

IF EQF (1) THEN 5050 'E0F MEANS BUFFER IS EMPTY
IF LOC(11>225 THEN BEEP *

A = INPUTSHCL, 8#1)

"FOR I=1 TO LENCAS)

U = ASC(AS)

IF D=1@ THEN 5180

IF D=17 OR D=18 OR D=127 THEN Ag=""
IF D=8 THEN A%=CHR$(29) |

PRINT AS;

IF LOC(1):@ THEN 5110

GOTO 5050

LOCATE 15,11:PRINT “...0ONE MOMENT PLEASE. .

'DEF SEG=MNTR.SEG:BSAVE "C:CURFRAM.DAT" .0, 16384

GOTO 5030

2E TURN .

DEF SEG=MNTR.SEG:BLOAD "OPERFRAM.DAT",@  '"C:CURFRAM.DAT"
RETURN

!

' Up/Down Routine
IF LEFTS(COMMANDS, 1 )="U" THEN 5700
[+ LEFTSOCOMMANDS , 1)< "0D" THEN 590Q¢

"Down

PRINT #1,"KZLQ@.X.FP.BWE.DT.";CRLF%;:
LINE INFUT #1,R%

IF RE>"KILO.X.P.BWE.DT." THEN BEEP
CINE INPUT #1,DUMMYS

 COCATE 12,40 :PRINT DN "

RETURN

' UD
PRINT #1,"KZLI.X.P.BWE.DT.";CRLF%$;



5720
5730
K740
5750
5760
5778
5900
5810
5320
5850
5940
6000
G010
K929
5853
E@40
5100
5110
5120
65130
6140
E1SQ
5160
617@
6180
651380
5200
210
622
bl
5240
525@
6LHQ
6270
HZRBQ
62350
5500
5510
Ba.
330
5540
6258
65360
B370
E 380
6523@
54@0Q
5410
5420
6430
5440
6450
5460
5470
5480@
BE5@@
65510
6520
6550
E540
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LINE INPUT #1,R$
IF R$7>"KYLL.X.P.BWE.DT." THEN BEEP

LINE INPUT #1,0UMMYS

LOCATE 12,40:PRINT "UP "

RETURN

LOCATE 15,11:PRINT "ENTER EITHER ‘URP® OR 'DOWN‘*"
LOCATE 18,12:PRINT SPACES(40)

LOCATE 18,12,1:LINE INPUT "" COMMANDS

G0TO S50

‘ Parameters Routine

_OCATE 15,11:PRINT "...ONE MOMENT...
DEF SEG=MNTR.SEG:BLOAD "PARAFRAM.DAT" .0

'Retrieve file

OFEN "PARAFILE.DAT" FOR INPUT AS %8
IF EOF(6)Y THEN EBZ40

ON ERROR GOTO B32@

[MPUT #E,DUMYI$,SPD$,DUMY2$,CTM$,DUMY3$,CYL$,DUMY4$,FDBH$

INPUT #6,DUMY1$,XBSPD$
FOR I=1 TO §

INPUT #6,DUMY1$,XACSII1,DUMY2%, XHSSI [ ]
NEXT T
FOR I=1 70 G

INPUT #6,DUMY1$,XDCE01]1,DUMY2%, XLSS[{ 1]
NEXT I
INPUT #6,DUMY1$,YBSPDS
FOR I=1 T0 &5

INPUT 26,0UMY1$,YACS[I]1,DUMY2%, YHSS[ ]
NEXT 1
FOR I=1 TO & |

INPUT #6,DUMY13,YDC$I1],DUMY2%,YLSSI 1
NEXT 1
INPUT #6,DUMYL1$ ,XLIMIT,DUMY2S,YLIMIT
CLOSE #65:0N ERROR GOTQ ©:60T0 8510

PRINT ERR,ERN:IF ERR=62 THEN 6340
ON ERROR GOTO ©:STOFP

LOCATE 16,12:PRINT
CLOSE #6:60T0 6360
FOR I=!1 70 §

XACE[ 1 1="10000" : YACS([ [ 1="20000"

XRGE[11="400@0" : YHSS[ I 1="50@0"
XOCS[11="8000":YDCS{I1]1="1502008"
XLS$UI]1="3000" :YLSS({I1="40020"
NEXT I

SPOE="SLOW"
CTMe="26@":CYL$="0FF"
FOBK$="YES"

XBSPD$="200" : YBSPD$="300"
ALIMIT=1900@:YLIMIT=11000
CLOSE #6:RESUME 6510

'Print Table
IF MNTR$="C" THEN COLOR 13
LOCATE 4,38:PRINT SPD$%

LOCATE 5,4Q@:FPRINT
LOCATE 6,35:FRINT

FDBH$; 1] n

"CREATING A NEW FILE..,"

CTM&:LOCATE S,70:PRINT CYLS;"



5550
6560
65570Q
6580
65590
5600
EH10@
6620
B30
6640
6650
5660
6670
5680
66390
b 700
6710
h720
Sp=151%

6805
6ER10

6820
E830
5840
5850
EE6O
5870
E88O
HBIR
6969
6310
69,0
5959
B340
6350
EI6Q
63870
6980
5990
7000
7010
7020
7050
7040
Q50
/060@
Q70
AR
7030
7180
7110
7120
715@
7140
7150
7160
7170
7180
7190
7200
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LOCATE 9,17:PRINT XBSPD$:LOCATE 9,57:PRINT YBSPDS
FOR =1 70 S
LOCATE 10+1,11:PRINT XACS[IJ:LOCATE 10+1,.29:PRINT XHS®[ ]
LOCATE 10+1,51:PRINT YACS[I1:LOCATE 10+1,69:PRINT YHSS$I[I]
NEXT 1
FOR J=! T0O 5
LOCATE 16+J,11:PRINT XDC®EJI1:LOCATE 16+J,29:PRINT XLSS$[J]
_OCATE 16+J,51:PRINT YDCS[J]:LOCATE 16+J,69:PRINT YLS$[J]
NEXT J
LOCATE 23, 18:PRINT XLIMIT:LOCATE 23,58:PRINT YLIMIT
I[F MNTRS="C" THEN COLQOR 14
LOCATE 25,20,1,1,6:PRINT "Do vou wish to change anything ? (Y/N) *;

"IF MNTR$="C" THEN COLQOR 13

AS=INKEYS

[F A%<:"Y" AND A% :"N" THEN 5690

IF A%="N" THEN LOCATE ,,@,7,7:6G070 79@0Q

"New Parameters

_OCATE 25,20:PRINT ° Enter Changes

LOCATE 4,38, 1:INPUT "' CHGS

I'F CHGS="" THEN BEB40Q ELSE IF CHG$="| " THEN B810Q
IF CHGS ~"FAST" AND CHGS .>"SLOW"

LOCATE §5,40: INPUT "

IF CHG$=""
[F VUAL(CHG$)=0 THEN 6840 ELSE CTM$=CHGS

LOCATE 5,7@: INPUT
IF CHG%="" THEN 590@ ELSE IF CHGZ="
IF CHGS >"0ON"
LOCATE 6,35: INPUT “".C

I+ CHGs=""

[F LEFTS(CHGSE, 1) 3vy™

C

‘ o'

HG S
LSE IF CHG&="L"

THEN B870 E

"L CHES
LH
THEN £870

AND CHGS<>"QFF"
HGS

LSE IF CHGg="L"
AND LEFTS(CHGES, 1)< >"N"

Sk

THEN 6330 E

THEN B81Q@ ELSE SPD$=CHGS

THEN 6810

N 5840

CYLS=CHGS

THEN 6870

THEN 6800 ELSE FDBK$=CHGS

LOCATE §,17:INPUT "",CHGS®
IF CHG$="" THEN B5360@ ELSE IF CHGS$="L" THEN 5300
IF VAL(CHGS )= THEN 6330 ELSE XBSFD$=CHGS

FOR I=1 TO 5

LOCATE 1+10,11:INPUT """ CHGS
[F CHG®="" THEN 7000 ELSE IF CHGg="[ " THEN
IF VAL(CHG$)=0 THEN 65970 ELSE XACE( I1=CHGS
LOCATE I+10,29:INPUT " CHGS
IF CHG®="" THEN 7@4@ ELSE IF CHGg="| " THEN
IF VAL(CHGS)=0 THEN 7QQ0 ELSE XHSS[ [ ]=CHGS:
IF I=1 THEN I=1@ ELSE I=1-1:G60T0 §97¢

MEXT 1

IF IS THEN B830

FOR I=1 TO &
LOCATE I+16,11:INPUT "" CHG%
[F CHGS$="" THEN 7100 ELSE IF CHGS="{" THEN

[F VALICHGS )=0 THEN 7070 ELSE XDC$[] 1=CHGS

LOCATE 1+16,29: [NPUT
IF CHGE=""

IF
[F
NEXT

VAL (C

"N CHGS
THEN 714@ ELSE IF CHG$="L" THEN
HG$)=0 THEN 7100 ELSE XLS&[1=CHGS:

I=1 7
I

HEN 1=10 ELSE 1=I-1:60T0 7Q7Q

IF I*39 THEN B860Q

LOCATE 9,57: INPUT

IF CHG®=""

LOCATE I+1@,51:INPUT

" CHGE

71030

6537¢
GOTO 7¢4¢

7150

Q7@
5070 7140

THEN 7180 ELSE IF CHG$="L" THEN 70RQ
IF VAL{CHGS)=0 THEN 7160 ELSE YBSPD$=CHGCS
FOR I=1 70 B

" CHGS



Noed BRI NNE

IR RGBS RS I IS BN BEN BN B

v ol O IO

4,910,859
41

”“I?“bHeéﬁqﬁ THEN 7230 ELSE IF CHGS="L" THEN 7260

IF UAL(CHGS$)=0 THEN 7200 ELSE YACSII 1=CHOGS
| OCATE 1+10,69:INPUT "",CHGS
IE CHG$="" THEN 7270 ELSE IF CHG&="L" THEN
1F UAL(CHGE)=0 THEN 723C FLSE YHS$[I1=CHGS:
IF I=1 THEN I=10@ ELSE I=]1-1:60T0 7200

NEXT 1

IF 1:9 THEN 7160

FOR I=1 TO 5
| OCATE 1+16,51:INPUT "“,CHOS
1F CHGS$="" THEN 7330 ELSE IF CHG$="L" THEN
IF UAL(CHG$)=0 THEN 7300 ELSE YDC${ I 1=CHGS
| OCATE I1+16,69: INPUT "",CHGS
IF CHG$="" THEN 7370 ELSE IF CHGS="L" THEN
[F UAL(CHG$)=Q THEN 7330 ELSE YLSSII]=CHGS:
IF I=1 THEN I=10 ELSE I=1-1:60T0 7300

NEXT 1 *

IF 19 THEN 7180

LOCATE 23,18:INPUT "" ,CHGS

IF CHG$="" THEN 7420 ELSE IF CHGS$="L" THEN 7290

IF UAL(CHG$)=0 THEN 7390 ELSE XLIMIT=VAL(CHGS)

L OCATE 23,59:INPUT """ ,CHES

IF CHG$="" THEN 7450 ELSE [F CHG$="L" THEN 7590

IF UAL(CHGE)>=0 THEN 7420 ELSE YLIMIT=VAL(CHGS)

'GOTO 160

'File

ON ERROR GOTO 7540

KILL "PARAFILE.BAK®

NAME "PARAFILE.DAT" AS "PARAFILE.BAK":60T0 7550

IF ERR=53 THEN RESUME NEXT

ON ERROR GOTO @

OPEN "PARAFILE.DAT" FOR QUTPUT AS #b

7200
60TO 72740

71360

7300
GOTO 7374

PRINT #6,"SPD%,":5P0S

PRINT #B5,"CTM3,":CTMS

PRINT #6,"CYLS,":CYLS

PRINT #6,"FDBKS,":FDBKS®

PRINT #6,"XBSPDS$," i XBSPUS

FOR I=1 TO 5
PRINT #6, "XACSL":;I5"1," i XACS[ ]
PRINT #6,"XHSS[":T1:"3," i XHSSL I

NEXT I

FOR I=1 70 §

PRINT #6,"X0Cs(":+1:"1," "+ XOCsLI]
PRINT #6,"XLS®L"5;I:"71,"iXLSsI]]

NEXT 1
PRINT HE,"YBSPD$,“;YBSPD$
FOR I=1 70 5
PRINT #6,"YACSI"5I:"1," ;i YACS{ 1]
_PRINT #6,"YHSSL "I "), " i YHSS{ 1]
NEXT I |
FOR I=1 TO & .
PRINT ﬂE,"YDC$[";I;"],":YDC$[I]
PRINT #B.“YLSE[":I;"],":YLSE[I]
NEXT I

PRINT #6,"X LIMIT,"iXLIMIT
PRINT #6,"Y LIMIT,"sYLIMIT
CLOSE %6

CLS: GOTO 500

'REDISPLAY CONTENTS OF FILE

42



7840
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2900 'Transmit to stepper

7305
7910
7913
7915
7920
7950
7935
7944
7950
7960
7965
7970

7930
7350
3000
3005
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IF SPDs="FAST"

PRINT #1,"X
LINE INPUT #1,DUMMYS

Y .G +CTME+"
"y .B"+XBSPD$+"
U INE INPUT #1,DUMMYS:D$=INPUTS(L,%1)
"TAA"+XACSI 1 1+",
“TAC" +XACHL 3 1+".
"TAE"+XACSLG1+".

PRINT #1,
PRINT #1,

PRINT #1,
PRINT #1,
PRINT #1,

| OCATE 25,20:PRINT
THEN PRINT %1,
";CRLFS%:

LY

L.
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. Transmitting
"X . K.Y .K."

YLSUHCTMS+" "
Y.B"+YBSPDS&+'

| INE INPUT #1!,DUMMY$:D$=INPUTS(L, %1)

PRINT %1,
Tl
1]
PRINT #1,

LINE INPUT

REINT

L

FRING

I Y

ToC

. LRL
g1,

"10A"+XDCs( 1 1+7.
CEx ACED S 14
CIDE"+xGCS[E 4T
UL CRLFES
CUMMYSE: 0%

CTUMH LS80 2
CIVTI xS G

=TNEUT$11 1)

TUA"+XHS®( ] 3+
IVC"+XHSS[ 3 1+7
JVE"+XHS8(51+"."

IVF"+XLSs( 1} 1+°7

Data. ...
i CRLF%;

LS CRLFS

T+, "

", IAB"+XACB[21+".
IAD"+XACS(41+7 .
 CRUFS;

L 10B"+XDCsLZ 14"
i+ 100 +¥DCElad+" L

:G0TO 7915

[UB*+XHSS[Z2]1+".,
IUD"+XHSS[41+".

TP ET
Sl

J-‘r—*“_}liL—'—.'rr.i-\'L”

JB " +YHSELZ 1+,
U +YHSE[ 4]+, "

ORINT #1."IAA"+YACZSI LI+ VA" +/HESI L]+ ARt +YACSE[Z I+
CRINT #l,"IAC"+vACsI S I+ . IVC" +YHSBI S 1+ TAD +YACSL A J+7
FQIJT o CTAET+YACSIS I+ IVE +yH38[EI+" . " CRLFS:
L INE INFUl 1 DUMMYS:DS=INFUTSC1, 31"

SERINT %0 "IDA+YDCSL LI+ IVF"+YLS S+ IDE"+YDCElZ I+
CETNT Rzl IDC +yDRO3IZ 1+ LoV Tl _:h;i*t.:fﬁ”*’n'$*w'+".
oRIMT g1, CIDE +YDCOSIS I+ IV +YLSBI I+
PRINT #1,"Y.IRL.DT.":CRLFS;
WHILE NOT EOQFCL
SOR T=1 TO SOQ:NEXT T:IF NOT EOQF¢Ll> THEN DUMMYS=INPUTSLOULOL 10
JEND: IF INSTRODUMMYE “DRG" =@ THEN SERU
DS IF MNTRS= 0T THEN Coluk Ll
OFEF SEG=MNTR.SES:ELOAD "OFeRFRAM.0AT",Q
RETURN

RETURN 7O TEACEH FROLORAM
IF RET.FLAG=327Q THEN CHAIN “TEACH.BAS",2807@¢,ALL
IF RET.FLAC=5@30 THEN CHAIN "TEACH.BAS",502¢Q.ALL
‘O EDIT PROGEAM
TF L ENCOMMANDS ) *6 THEN S27Q
_OCATE 15, 11:PRINT SFC(BS
| QCATE 15.11:PRINT "REFORMAT AS ECIT C##"
 OCATE 18,12:PRINT "EDIT C "
LOCATE 15,18,1:INPUT "" NEWCMDS
COMMANDS="EDRIT C"+NEWCMDS
DART=UAL (MIDE(COMMANDS , 7 )
GOSUR 12140
CSUR 15088
L OCATE 15, 11:PRINT "CHANGE VALUES AS REQUIRED";=ri (4@
FQR I=1 TO S

| OCATE T+1,17,1:INPUT """ N.CX${ [

L CCATE

N.CXe{Il="L"
COXg[I1="L"
XS

CyelIl="L"
LCYSCI ™"
I+1,40,1:1

[F N.PPELI]="L"
IF INSTR(N.PPS(I],

AND I=1 THEN I=8:60TJ
THEN I=1-1:607T0 3320¢
THEN CX[{I1=VAL(N.CX${I1)

[+1,20,1: INPUT

n

SN.CYS( I ]

THEN So2¢

-
NP
7

el

o

T """ N.PPSLL]
EN 8360
' U 13 )h~

MEN CY{I3=VALIN.CYS[1 1)

@ THEN PPS{I]="1"

CIUGTHXLSElZ2 I+

CHYLSS(ZIE
‘:hgg[d}_l_n. T,
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4S5 o 46
9420  IF INSTR(N.PPS[II,"D")<:@ THEN PPE[I1="0"
3430 *
9440 NEXT I
3450 GOSUB 175200
945@ LOCATE 15,11:INPUT "...D0 YOU WISH TO FILE THESE (Y/N) ";ANS
3470 IF ANS="Y" THEN GOSUB 12020:G0TO 9430
5480 GOSUB 12140:G0SUB 13000Q
3490 RETURN
3500
3500 ° ERASE PROGRAM

9610 IF LEN(COMMANDS$):7 THEN 96590

3620 LOCATE 15,11:PRINT SPC(E5)

383@ LOCATE 15,11:PRINT "REFORMAT AS ERASE Ci#t"
3640 LOCATE 18,12:PRINT "ERASE C* :
9650 LOCATE 18,19,1:INPUT “* NEWCMDS

9660 COMMAND$="ERASE C"+NEWCMDS

3670 PART=VAL (MID$(COMMANDS,8))

9680 GOSUB 17@2@:60SUB 13000

9690 LOCATE 15,11,1:INPUT ".. ARE YOU SURE (Y/N) *;ANS
9700 IF ANS<>"Y" THEN RETURN

9710 GOSUB 12250:G0SUB 13000:G0SUB 12020

37209 RETURN

730

10000 ° COMMUNICATIONS RQUTINE
10@i@ °

10020 TX$="": A$=""':'SW2=0

12030 FOR T=1 TO 16000
19940 IF MOT EQF(1) THEN T=1E0Q10Q
10050 NEXT T
1906@ IF T>16005 THEN 19100
1007@ LOCATE 15,12: PRINT “#+s Transmission Error *#x".
19080 STOP:LOCATE 15,12: PRINT SPACES(27)::60T0 10000
1909 °
10100 AS=INPUTS(L,#1)
1211@ A=ASC(A%):B%=A%
1912@ IF A=8 THEN 10180
10130 IF A=17 OR A=19 THEN Bg=""*
10140 IF A=10 OR A=12 THEN Bg=""
10150 TXE=TX3+Rg
12160 IF ECOF(1) THEN 10220 ELSE 10100
19170 °
10180 IF LEN(TX%)=0 THEN 1Q1EQ
10190 TXS=LEFTS(TXS,LEN(TXS)-1 )
10200 GOTO 101680
10219 °
10229 FOR T=1 TO 1909
10250 IF NOT EOF(1) THEN T=1010
12240 NEXT T
19250 IF 71005 THEN 168100
10260 IF LEN(TXS) 0 THEM RETURN
19278 LOCATE 15,11: PRINT “CHECK MANUAL MODE "
- 10280 GOTO 10020
10290 °
11000 ° LOCATION EXTRACTION
11010 °
11915 'BEEP:STQP
11220 CT$ = "X, IST.Y.IST.":PRINT Bl ,CT%:CRLFS%;
11250 LINE INPUT BL,R$:08=INPUTS(1,#1)
11042 IF R$->CT% THEN BEEP:LOCATE 21,10:PRINT R$;:STOP
11245 LINE INPUT B, XTXS:DE=INPUTS(1,41)
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47 , 48
LINE INPUT #1,YTX$:D$=INPUTS(!,#1):G60T0 11100
N=INSTR(TX%,CHR$(13))
IF RIGHTS(TXSE, 1 )=CHRS(13) THEN TX$=LEFTS(TXS,LEN(TXS)-1)
XTXS=LEFTS(TXH N-1)
YTXE=RIGHTS(TXS ,LENCTXE)-N)
LOCATE 22,10:PRINT XTX%$;" " YTXS;

FOR N=1 T0O 2

[F N=! THEN TEXT$=XTXS

[F N=2 THEN TEXT3=YTX$

Xg="/":¥YH=" "

A=TNSTR(TEXTS X% )

B=A-1

R$=RIGHTS(TEXTS,1)

Ce=_EFTH(TEXTS,B)

L C=INSTR(LCS,YS® )

LCH=LEFTS(CS,LC-1)
RC$=RIGHTF(CH,LEN(CE)-LC)
SIGNS=LEFT®(C$,1)

[F SIGNS :"-" THEN SIGN$="":60T0 11270
| OCATE 21,10:PRINT "«Sign Error*”;
INCE=MIDR(TEXTS ,A+1,3)

IFE RIGHTS(INCS,1)="," THEN INCS=LEFTSCINCS,f )
[F INC®:="32" THEN S10P

CTEPS = YALCINCS)*VAL(LCS)+VAL(RCS )

IF SIGN$="-" THEN STEPS=0-STEPS

[F Bs="X" THEN XGTEPG=STEFS:GOTO 11540

y IF B$="Y" THEM YSTEPG=STEPS:G0OTO 11340
LOCATE 21,10:PRINT "#AXIS ERROR+":STOP
NEXT N
_LOCATE 12,18:PRINT " . LOCATE 12,31 :PRINT " ¥

LOCATE 12,18:PRINT XSTEFS::LOCATE 1Z,01:PRINT YSTEPS;
RETURN

‘ FILINDEG ROUTINE

‘ Filing & File

"OPEN FILE IF NECESSARY

| SET PTs="4"+RIGHTS(STRS(PART },LENC(STRS(PART ) )-1)
FOR I=1 TO 8

L SET X$(I1=STRe(CXI11)

| SET Y$[I]=STR®(CY(I])

L SET PS{I1=PP&[I]

NEXT 1

LSET CR$=CHRS(13)+CHRs(10)
PUT #4 ,PART

RETURN

‘ Retrieving a File

'OFEN THE FILE IF NECESSARY
SET #4 FART
IF LEFTS(PTS, 1)o>"#" THEN 12250
LOCATE 2@, 15:PRINT SPACES(50);
FOR I=1 70O B8

CXITI=VAL(XS$I[TI1)
CY[LT1=UAL(YSLT11)

PP I J=LEFTS(PS[(I], 1)

NEXT 1

'GOSUB 1300@ 'Display Routine
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12220 RETURN

12240
122590 LOCATE 20,15,0:PRINT "NON-EXISTANT PART NUMBER "

1226@ FOR I=1 TO 8

12270 CX{Il=-1:CY[I1=-1:PP8{I]1="0"

12280 NEXT 1

2290 '6G0OSUB 15000

12300 RETURN

2310 °

150006 ° Display Routine

15018 °

130280 1F PART<"PARTLSY THEN 13100 ELSE 13120

15030 FOR I=1 TO 8

15049 LOCATE I1+1,17:1IF CX{I14»-1 THEN PRINT CX[I] ELSE PRINT " "
17050 LOCATE I+1,30:1F CY[I14>-1 THEN PRINT CY{I] ELSE PRINT * "
13055 LOCATE I+1,40:1IF FP%$=1 THEN PRINT "Up " ELSE PRINT " "
12060 MNEXT 1

12280 RETURN

13090 °

13198 PARTLST=PART

12110 CPART$=" ":RSET CPHRT$="C"+RIGHT$(STR$(PHRT),LEN(STR$(PHRT))“1)
13120 FOR I=1 TO 8

13130 LOCATE 1+1,5:PRINT CPARTS+"."

13140 LOCATE I+1,17:PRINT " o

1315@ LOCATE I+1,30:PRINT * "

13155 LOCATE I+1,40:PRINT " "

13160 LOCATE I+1,17:IF CX[I1<5~1 THEN PRINT CX[I]:

13170 LOCATE 1+1,3@:1F CY[IJl<>-! THEN PRINT CY[I]: ELSE 13180

13175 LOCATE 1+1,4Q:1F PP$IIl="1" THEN PRINT "Up " ELSE PRINT " DN"
15180 NEXT I

13190 RETURN

13200 °

20000 'DEF SEG=8HBOO@®:BLOAD "A:TEST.DAT",O

20010 'DEF SEG=8HBQQO:BSAVE "A:TEST.DAT",0, 15364

20020 'NEXT T

20030 '08=INPUTS(1)

20040 END

25002 1F NOT EOF(L1) THEN PRINT INPUTS(LOC(1),#1) ELSE PRINT " - °
25010 STOP

1900 ° SUPERVISORY CONTROL PROGRAM
110 °

120 '4/350/85

130 "WSP

<2 ° INITIALIZE PROGRAM

229 OPEN "COMI:S6Q8,N,8,1" AS %1

°3Q0 OFEN “SEQUENCE.GNL" AS #2 LEN=8
240 OPEN "FARTFILE.SKO" AS #3 LEN=200

250 OPEN "PARTFILE.OUN" AT #4 | EN=17€

260 'OPEN “HOMEFILE." FOR INPUT AS #5

270 'OPEN "PARAFILE.DAT” FOR INPUT AS #5

280

300 FIELD #2,4 AS NS$

510

320 FIELD #3,5@ AS ST1%,50 AS ST2%,50 AS ST3%,.40 AS SUS
325

330 FIELD #4.5 AS PT$,6 AS X$(1],6 AS Y$[11,2 AS PS{1]
331 FIELD #4,19 AS NLIS,6 AS X$(21,6 AS YS$[21.2 AS PS( 2]
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51 52
FIELD #4,33 AS NL2%$,6 AS X$[31,6 AS Y$(31,2 AS P$(31
FIFLD #4,47 AS NL3%$,6 AS X$041,6 AS Y$[4]1,2 AS P3[4
FIELD #4,61 AS NL4%,6 AS X$[51,6 AS Y3(51,2 AS P$IG]
FIFLD #4,75 AS NLG5$,6 AS X$(61,6 AS YS$[B]1,2 AS P$[(6]
FIELD #4,89 AS NLBES$S,6 AS X$[71,6 AS Y$[71,2 AS Ps[71
FIELD #4,103 AS NL7$,6 AS X$[81,6 AS Y3[81,2 AS P$(81,2 AS CR%

04

A L G G O

& e G ) G O ) O]
< ~J M Ul & ) rd

&Y

g
(™

AFLAG=0:SFLAG=0:CFLAG=0:RFLAG=0

EFLAG=0: 0FLAG=0:PFLAG=0:KFLAG=C

A20 FAULT=Q:ERRMESS="":CRLF$=CHR$(13)+CHRS$(10)
470 N(131=0:N[21=@:N[3]=0:N[4]1=0:N[51=0

440 XLIMIT=19000:YLIMIT=11000 '19210,11187
450 DIM ACOMSL 0 ]

450 MM=2 :NN=G
470 OVER.TIME
480 °

GO0 'Baytech Initialization

GRS T$=CHR$(20@):RE=CHR®{18)

S51@ PRINT #1,R$+"5";

S15 PRINT #1,R$+"14b1": '3600,N,B, 1

520 PRINT #1 R$+"2261":

G255 PRINT #1,R®+"32b1";

530 PRINT #1 R3+"4261";

G35 PRINT #1,T7$+"1";:FOR T=1 TO Z5:NEXT T

540 PRINT #1,T%+"2"::FOR T=1 TO0 25:NEXT T

C45 PRINT #t1,T$+"3";:FOR T=1 TO Z5:NEXT T

CS@ PRINT #1{ ,T$+"4";:FOR T=1 TO JZ5:NEXT T

G55 IF EOF(1) THEN 600 ELSE GRBG®=INPUTS(LOC(1),¥1):FRINT GRBG%:60T0O 535

oY
[ —
=

500 'S5 MIN TIMEGCUT

560
500 KEY 16, CHRE(ZHAQ ) +CHRS(RHI) 'ESC KEY
510 FEY 16,CHRS(BH@)+CHRS(EHT ) 'EQC KEY

520 OM KEY(15) GOSUB 1700@:KEY(15) ON
E3@ ON KEY(16) GOSUB (720Q@:KEY(16) ON

540 ﬁ

70@¢ INPUT "SKIP INITIALIZATION (A,S,C) ";ANSS

705 INPUT "SPEED FACTOR: “,SPD.FCTR

710 IF AN3E="ASC" THEN 3200

720 1F ANGS3="A" OR ANS$="AC" THEN 770

730 1F ANS$S="AS" THEMN 790

7490 60OSUB 1400 'ITnitialize Adepl =##+xx CHG TO 1000 »xx
750 IF ANGE="GS" THEN GOTO 77 |

"76@ IF ANS$="SC" THEN GOTO 920

779 GOSUB 15 'Initialize Seitlo
780 IF ANSS="C" 0OR ANS$="AC" THEN GOTO 900

790 GOSUB 2000 "Initialize Clinch
795 ° '

g@0 'INPUT "SELECT BOARD # (1,2,27,4,5) " BONUM

819 ° IF RONUMST OR BONUM*S THEN 8@0

820 ° [F BONWUM=1 THEN OPEN "SEQUENCE.RI" AS #2 LEN=8
g3z IF BONUM=C THEMN OFEN "SEQUENCE 82" AS #2 LEN=8
840 ° LF BDNUM=3 THEN OPEN "SEQUENCE.B3" AS #2 (EN=8
858 ° IF BONUM=4 THEN OPEN "SEQUENCE.B4" AS #2 LEN=R
86¢ IF BONUM=5 THEN OPEN "SEQUENCE.BS5" AS #2 LEN=8
B70 'FIELD #2.,4 AS N%

875 BONUM=3 |

8§80 FRINT "BOARD NUMBER = ";BDNUM

8395

900 GOTO 32980 'Sequential Operation

9@ '

349 °
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1000
1005
1210
1015
1020
1825
1050
19055
1040
1045
1059
1955
1060@
1065
1970
1075
10380
1085
1080
1285
1100
1105
11180
1115
1120
1125
1156
1135
1149
1145
115@
1165
1160
1165
1174
1175
1180
1185
11906
1185
| 200
1205
1210
1215
122

12

1230
1235
1240
1 245
1 250
1255
1260
1265
1270
1275
1280
1285
12380

1285
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| ADEPT INITIALIZATION

PRINT #1.T$+"1";::PRINT #1,CHRS(13):

PRINT "Checking Adept for communications..."'STOP
FOR T=1 TO 1000@:IF NOT EOF(1l) THEN T=10109

NEXT T |

IF 7:1009 THEN DS=INPUTS$(LOC{1),21):60T0 1192 ELSE 1040
PRINT ADEPT STARTUP"

PRINT VAL II disk ir drive A (left)"

PRINT Applications disk in drive B”

PRINT Emergency Stop buttons up”

PRINT " Key switch toward TERMINAL®

FRINT " . Turn on SYSTEM FOWER"

PRINT CHR%(13)+" Hit any lLey when this is done”
De=INFUTS( 1)

'PRINT #1,78+"1°
FOR T=1 TO 1500

tenvervsreener e ELETE* 0 xrnerxns

IF NOT EOF(1) THEN 11165

NEXT T

PRINT "+ NO COMMUNICATIONS ESTABLISHED «+°

PRINT "...HIT ANY KEY TO RESTART...":D$=INPUTS(1)
G0TO 1040 .

ORINT CHRS(13)+“... ADEPT is loading now"
I$=INPUTS(LOC(1 ), %1 ) |

ON TIMER(24Q0) GQOSUB 1480Q:TIMER ON

ATXS=""

WHILE EQF(11:WEND |
ATXS=ATXE+INPUTS(LOCCL ), #1)

IF INSTR(ATXS CHRE(I1@)+",") THEN TIMER OFF:GOTO 1185
[F INSTR(ATX$ "7?") THEN 116@
ATXS=RIGHTE(ATXS$,10):60T0 1135

PRINT "+ CHECK THAT DISKS ARE IN PLACE +°
PRINT HIT ANY KEY WHEN READY..."
DE=INPUTSC(] )

PRINT #1,"A"+CHRS(13)
TIMER OFF:60TQ 1125
'STOP

ACOMS[ 1 1="PCEX SET_GRD"

ACOMS${2]1="EN P~

ACOMS[ 31="D0 DELAY .1°
ACOMS( 4 1="L0AD ROBCTRL.VZ™
ACOMS[S1="L0AD ROBFPOINT.LC”
ACOME [ 6 1="ENABLE POWER"”
ACOMS({ 71="D0 DELAY .1°

81="CALIBRATE"
ACOM$(9]1="EXx MOVESAFE"
ACOME{ 1@ 1="EX POINTCHKT
"ACOMS{ 11 J="PCEX PC_CNTRL"

\

FOR T=1 %

ATXS="":AEFLAL=0

PRINT #1!,ACOMS[I]

PRINT ACOM®${1]

FOR T=1 TO 15000

[F EQF(1) THEN 1285

ATXE=ATXE+ INPUTS(LOCCL ) #1)

IF RIGHTS(ATX$,2)=CHRE(10)+"." THEN T=15010
IF INSTR(ATXS,"?")1:0 THEN T=15010

NEXT T

ACOMS

[RR



1300
13505
1510
1315
1320
1325
1350
1335
1340
13485
12350
1355
1369
1565
1570
1375
1380
1385
1390
1595
1400
1491
1402
1403
1405
1410
1415
1420
1425
1430
1435
1440@
1445
1458
1455
1460
1465
1470
1472
1475
1480
1485
14390
14935
1500
1510
1511
1512

1513

1514

1515

1516
1517
1520
1550
15640
1550
1560
1570
1675

4,910,859

85

IF T<15005 THEN FAULT=181:6G0T0 1430

IF INSTR(ATXS,"*")=0 THEN 1345

56

IF INSTR(ATX$,"COMP mode disabled" )=0 THEN 1330

PRINT "COMPuter mode disabled..."”

PRINT "Checlk MANual mode or Joint out of Range, then hit any key"

DE=INPUTS(]1):60T0 1255
IF 1=7 THEN 1330

IF AEFLAG=1 THEN FAULT=100:60T0 1490
PRINT ATX$:D8=INPUTS(1):AEFLAG=1:60T0 1255

"IF INSTR{ATX%,"sure”)=0@ THEN 138@

IF I=8 THEN 1360

IF I=2 THEN PRINT #1,"Y":ATX$="":60T0 127@

PRIMNT "1S THE ROBOT CLEAR TO HOME

PRINT "...TYPE "+CHR$(34)+"HOME"+CHR®(34)+"

77"

'?7A5K TO CLEAR B4 CAL, ALWAYS
" & ALWAYS RESPOND W/"Y"

WHEN READY ":INPUT “",D%

IF D$="HOME" THEN PRINT #1,"Y":ATX$="":60T0 127
PRINT #1,"N":D$=INPUT$(1):1=5:60T0 1255
IF INSTR(ATXS,"?")=0 THEN 1385 ELSE 1340

IF 1=7 THEN I=8

NEXT 1

' APP PROG PROGRAM START-UP
PRINT #1,T&:"1";

PRINT #1,"SPE “:SPD.FCTR

LINE INPUT #1,DUMMYS

PRINT #1,"EX APP_PROG"
ATXG=""

FOR T=1 TO 500@

IF NOT EOQOF(1) THEN ATX$=ATXS+INPUTS(LOC(1),%1)

IF RIGHTS(ATXS$,1)="1" THEN T=5010
NEXT T
[F T>50@05 THEN 1445

FAULT=100Q:PRINT "NO START-UP ON ADEPT R.C. PROGRAM®

END

PRINT #1,"PRO"

LINE INPUT #1,D%:D$=INPUTS(!,#1)
ATS=INPUTS(L ,#1)

IF ATS >":" THEN 1455

PRINT "s+« A DEPT INTIT T IA

IF NOT EOF(1) THEN PRINT "ADEPT INT:

RE TURN

L I 2 E D #=+"
PRINT #1,T$+"4":: FOR T=1 TQ HNN:NEXT T

PRINT "+ DISK LOADING TIMEOUT *":5T0P

'STOP

" INPUTS(LOC(L) (81

————*ﬂ-—--——-———-——m-—-n———-—-_—_‘--_---—_——'"ll"——--u-——-——--————————--—-—————-r-i-——ﬂ--—--——-ﬁ__

'  SEIKO INITIALIZATION

PRINT #1,T$+"2";

FRINT #1,CRLFS;

FOR T=1 TO S5@@:NEXT T

IF EQF(1) THEN 1520
DUMMY$=INPUTS(LOC( L), #1)

PRINT #1."START 10@"+CRLFS%;

GOTO 1700

CLS

LOCATE 10.2@:PRINT "1> TURN ON SE

IO POWER

LOCATE 11,20:PRINT "2> TURN ON SERVO DRIVE
LOCATE 12,20:PRINT "3: PUSH F! AND <ENTER>
LOCATE 13,20:PRINT "4> PUSH FZ AND <ENTER®

. INICATE

LOCATE 15,2@:PRINT "...SCREEN WIL.

BREAKER™

POWER"

ON THE SEIKQ TEACH TERMINAL"

ON THE SEIKO TEACH TERMINAL®
WHEN INITIALIZATION 1S5 COMPLETE"
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1700 ON TIMER(120@) GOSUB 1930:TIMER ON '
171@ ON ERROR GOTO 1940
1730 WHILE EOF(1):WEND
1740 LINE INPUT #1,5TX$:IF STX$="" THEN 174@ ELSE S$=INPUTS(1.#1)
1745 ON ERROR GOTO @:TIMER OFF:IF NOT EOF(1) THEN BEEP
1750 IF INSTR(STX$,"M>")=0 THEN 1880
176@  PRINT #1,"START 49Q"+CRLFS%: '490 WILL BE COQ#+r*sxrxvrsxs
1770  TIMER ON
178@  WHILE EOQF(1):WEND
1785 'IF NOT EOF(1) THEN PRINT 1785:BEEP:STOP
1790  LINE INPUT #1,STX$:IF STX$="" THEN 179@ ELSE S$$=INPUTS(!, #1)
1800 IF INSTR(STX$,"READY")=0 THEN 1850

1810 LINE INPUT #1,STX$:IF STX$="" THEN 181@ ELSE S$=INPUTS(1, %#1)
1815 TIMER OQFF

1B2Q IF INSTR(STX$,"M>")=0 THEN 1860

1825 PRINT #1!1,"SPADJ ":SPD.FCTR;CRLFS;

1826 LINE INPUT #1,DUMMY$:D$=INPUTS(1,%#1):IF INSTR(DUMMYS “M>")=@ THEN S5TOP
1830 | PRINT "« SE T KO INITIALTIZETD #"

1838 PRINT #1 T$+"4";: FOR T=1 TO NN:NEXT T

1836 IF NOT EOF(1) THEN PRINT “SEIFKO INT: ":INPUTS(LOC(1),#1)
1840 RETURN

1850 TIMER OFF

1860 ~ IF INSTR(STXS$,"ERROR")=0Q THEN FAULT=20:G0TO 18000

1870 FAULT=21:ERRMESE="SEIKQ "+STX$:650T0 18000

1880 IF INSTR(STX$,"EFRROR")=0 THEN 1900

1830 FAULT=21:ERRMESS$="SEIKO "+STX$:60T0 18000

1900 IF INSTR(STXS,">")=0 THEN 1820

1910 FAULT=22:60T0 18¢@aQ@ 'mode error

1920 FAULT=23:60TQ0 12600 'com error

1930 FAULT=24:60SUB 18Q@Q:STOP

1940 IF ERR- ST THEN ON ERROR GOTO Q:RESUME

1950 CLOSE #1:FOR T=! TO 10@2:NEXT T:OPEN "COM1:9600,N.8,1" AS #1

1960 RESUME 1730 .

1980 P mmmmmmm o e

2000 ° CLINCH INITIALIZATION

20@5 PRINT * CLINCH HOMING..."

2010 PRINT #1,T$+"3";:FOR T=1 TO 100Q:NEXT T

2015 IF NOT EOF(1) THEN DS= [HPUTS(LOC( L), #1)

2020

2075 QPEN "HOMEFILE.1" FOR INPUT AS %5

2030 WHILE NOT EOF(5)

2035  LINE INPUT #5,HOMELINES

2@4@0  FRINT #1 HOMELINES+CRLF&:

2045  LINE IMPUT #1,DUMMYS:D$=INPUTS(1, #1)

2058 ' PRINT DUMMYS

2055 WEND

2060 CLOSE %5

2062

2065 QPEN “HOMEFILE.2" FOR INPUT AS #5

2067 PRINT #1,“X.B30.Y.B30."+CRLF®::LINE INPUT #1,DUMMY$:DS=INPUTS(1, #1)
2068 PRINT DUMMYS .

2070 FOR I= 1 TO 9

2075 LINE INPUT #5 HOMELINES

2080 PRINT #1,HOMELINES+CRLFS: .

2085 LINE INPUT #!,DUMMYS:D$=INPUTS(1,#1)

2030 PRINT OUMMY$

2095 IF I=3 OR I=7 THEN 2100 ELSE 2110

2100 LINE INPUT #1,YSTAT$:DS=INPUTS( L, #1)
2105 IF INSTR(YSTATS,"0")=1 THEN 2110 ELSE 2080

2110 MEXT 1
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CLLOSE &5 -
LINE INFUT #1,Ci$:LINE INPUT #1{,C2%

[F RIGHT®(C1$,151<>"+8@,80/32, (NA,X" THEN 2200

IF RIGHTS(C2%,15)4>"+00,0@/32,(NA,Y" THEN 2200

IF CIFLAG=1 THEN RETURN

PRINT “ CLINCH HOMED"+CHR$(13)+" LOADING PARAMETERS...
GOTO 2300

PRINT "=+ CLINCH HOMING ERRQOR #*#+"

PRINT C1$,C2%:PRINT "HIT ANY KEY TO TRY AGAIN..,."

DE=INPUTS( 1)

s S e O mbs Sk o o S W T AT W Sl e B e o SR A S S mmis SR T T R O wEE A Sy S S e i s

'Retrieve parameters file

Y

OPEN "PARAFILE.DOAT" FOR INPUT AS %6
IF EOF(B) THEN 2540

ON ERROR GOTO 2520

INPUT #6,DUMY1%,5PD%,DUMYZ2S,CTMS,DUMY3%,CYLS ,DUMY4S,FDBKS

INPUT #6,DUMY1S,XBSPDS
FOR I=1 TO &
INPUT #6,DUMY1S$,XACSL[I],DUMY2S , XHSS( I ]
NEXT I
FOR I=1 T0O S
INPUT #65,0UMY13,XDCSII],DUMY2%, XLSS[ 1]
NEXT 1
INPUT #6,DUMY1%,YBSPDS
FOR I=1 TO S

INPUT #6,0UMY1®,YACS[I],DUMY2S,YHSS( ]
NEXT I

FOR I=1 TO &

INFUT #6,DUMY1$,YDCsT1]1,0UMYZ2S,YLSS(I]
NEXT I

INPUT #6,BUMYLS XLIMIT,DUMYZS,YLIMIT
CLOSE #&£:0M ERROR 6G0OTO @:G0TQ 2540

PRINT ERR,ERN:IF ERR=6Z THEN 2540
ON ERROR 6070 @:5TOF

'Transmit to stepper

'IF SPO$="FAST" THEN PRINT #1,"X.K.Y.K."+CRLFS$;:60TQ 257¢

PRINT #1,"X.L.Y.L."+CRLFS:

LINE INPUT #1!,DUMMY$:D$=INPUTS(1,%1):PRINT DUMMYS:ASC(DS)

PRINT #1,"X.S"+CTM$+",Y.S"+CTME+" . "3

PRINT #1."X.B"+XBSPD&+".Y . B “+YBSPDS+"."iCRLFS:

UINE INPUT $1,DUMMYS:D$=INPUTS( L, #1):PRINT DUMMY$;ASC(DS)
PRINT #1 . "IAA"+XACHI 1 )+"  IVA"+XHESI 11+, IAB " +XACS{ 21+ . IUB"+XHSS{Z1+" . "

PRINT #1, TAC"+XACS{31+" ., IVC"+XHSs[ 31+ " . IAD"+XACs( 4 ]J+"

PRINT #1."TAE"+xACE[S1+"  TURE"+YHSS[51+",
L INE INPUT #1,DUMMYS$:D8=INFUTSCL, 51}

PRINT #1."IDA"+YDCST L1+ IUF"+XLSSL11+",
PRINT #1,"IDC"+XDCSI31+" . IUH"+XLS$I31+",

PRINT #1,"X.IRL."+CRLFS;
LINE INPUT #1.0UMMYS:D$=INPUTS(!,#.)
PRINT #1,"IAA"+YACS[11+", IVA"+YHSS[11+".

PRINT #1,"IAC"+YACS[31+".IVUC"+YHSS[21+".
PRINT #1,"IAE"+YACS(51+".IVE"+YHSS$(5]+",

LUINE INPUT #1,DUMMYS:D$=INPUTE(1,#1)

PRINT #1,"IDA"+YDCSLL11+" , IUF"+YLGS[ 114",

"+CRLES:

'

IAB"+YACS( 2 1+"
IAD"+YACS[{ 4 1+"

"+CRLFS;

IDB"+YDCEL 2 )+"

[0B " +XDCs{ 2 1+"
IDD"+X0Cs(4]+7
PRINT #1,"IDE"+XDCs(S1+". . IVI"+XLSs(5]+"."

JIVGT+XLSS{Z2 ]+ T
JIVI"+XLSsl40+7 .7

LJUB"+YHSS[Z2]+7 .
LIVD"+YHSS(4 147 .7

LIVGT+YLSSLZ I+,

CIUDTHEXHSS4 3+, 7

. ¥

L
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C1DCT+YDCS( 3+ L IVH " +YLSSB( 3]+
PRINT #1,"IDE"+YDCS[S1+",IUJ"+YLS$[G]+"
PRINT #1,"Y.IRL.DT."+CRLFS%;

WHILE NOT EOF(1)

IF NOT EOF{1) THEN DUMMY$=INPUTS$(LOC(]) 81 )
FOR T=1 T0 500:NEXT T

WEND
CXHSPD=1000

PRINT #1, . I0D"+YDCs[ 4]+

'((SPD.FCTR+5)*UAL ( XHS &
CYHSPD=6@@  '((SPD.FCTR+5)*VAL(YHSSI5])/100)-200
PRINT #1,"X.H"iCXHSPD:".Y.H" i CYHSPO;".": CRLFS:
LINE INPUT #1,DUMMYS:D$=INPUTS( 1, #])

PRINT " PARAMETERS LOADED"+CHRS( 13 )

PRINT “#+ C L INCH INITIALTIZERD s«
RE TURN

51)/100)-200

_F“__hﬂ_—_—__i—‘“-*__“_-__'_'—‘“—“_—H‘-___—_—_*—“h__—__*n_ R R T A ——— —-.n_———l—-—dﬂ——“—-——

‘ SEQUENTIAL OPERATION
AFLAG=2: SFLHG D : CFLHG=@=OFLHG=
SIFLAG=2:CIFLAG=?

ATIMER= TIHER-STIMER=TIMER=CTIMER=TIHER
BFLAG=Z

2:POINTR=3

> 6070 4000

—*—*-—-—-—_—lﬂ:—ﬂ__-—l‘_—__--—--—-_-——-_——.——._H—.—_—““-___“ T p— ; P

"SEQUENCE LOQOP

'

[F
IF
IF
IF

AFLAG” -@ THEN GOSUB 1000Q:IF AFLAG=0 THEN G0SUB 5000
AFLAG=4 THEN AFLAG=Q
SFLAG- @ THEN GOSUB 12000
CFLAG -0 THEN 50SUB 14000
'IF SINGLE AND AFLAG=?

1

AMND SFLAG=2 AND CFLAG=?

'

IF ATX1$7>"" THEN GOSUB BQ10:G60TO 4130
PRINT #1,7T8+"1"5: FOR T=! TO MM: NEXT T
PRINT #1,T$+"4";: FOR T=1 TO NN: NEXT T
IF NOT EOF(1) THEN 4150 ELSE 4160
GOSUB €032: GOTO 419¢
ik TIMER-ATIMER " QUER.TIME
FAULT=1 1@ :EREMESS="ACERT
CO0TO 138Q@e0
"CONT INUE

THEN 417@ ELSE 4.3¢

TIMEDUT™

! [ 1]

ﬂ‘\"ﬂ"‘"‘l

THEN GOSUER 5219 - 3
~" " FUR 7= TG MMINEXT T

i
i ot -
EOR T

x
tH

=+ = o1—

AN

B T R B |

MY

ﬁ%

Jr— |»+.-l.
-

— -,
| !
A

D NNCINEXT T

F~ i1 Tl
N 11 N
b
=2

-1
() -
'

-4

f-.:. 3

-l [ == --.:1!-'-

v
11 O[T

- E'rl

b
Lt

T=120:ERRMEIS="SEINC TIMEQUT”
15360
"CONTINUE

. T

DL

1

IF CTXlg . "
PRINT #1,Tg+"3"; .

THEN GOSUB 6410:6G0T0 4330
FOR T=1 TO MM:NEXT T
FRINT #1,7$+"4"; FOR T=1 TO NN:NEXT T
iF NOT EQF(1) THEN 4350 ELSE 4389

COSUE B4592: GOTO 4290
TIMER-CTIMER » QUER.TIME

IF THEN 4370 EL

62
IVIT+YLSS(4]+",

THEN RETURN
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437 FAULT=13@:ERRMESS="CLINCH TIMEQUT"

4380 G0TO 18008
4580 *CONTINUE

4400 °

4500Q 'KEY(9) ON
4510  O'KEY(1©) ON
4520 'KEY(1) ON
4530 '

454@ IF FAULT<>@ THEN GOSUB 18000

4550 IF QFLAG=1 THEN END 'rxxrrrxxxdx x4 TEMPORARY
4560 6070 4020

4579 °

408 e e e e e e e e e e e e e e e e e — - =
5000 INDEXING ROUTINE

5Q1Q

5020 NISI=NL41:NL41=N[ZT:N[II=NLZ2T:NLZ2I=N[1]

5038 IF RFLAG<>@ THEN S040@ ELSE 5@5%5

5840 N{Z1=RFLAG

5050 RFLAG=0:G0TO 511@

C@55 IF NIL1l=-1 THEN 5100

CO6@ INDEX=INCEX+!

5370 G=ET 2, INDEX

5975 IF. INDEX=1 THEN S.CUE=VUAL(NS$)

S@8@ IF N&="SKIP" THEN 5060

SQ390 IF Ns="END " THEN N[1Il=-1 ELSE N[1I=VAL(NS)
5100 IF NL21=-1 THEN BFLAG=I

5102 IF NI[31=-1 THEN BFLAG=Z

5195 IF SIFLAG=Z AND N{31=5.CUE THEN 5108 ELSE 5110
5188 SIFLAG=0:CIFLAG=0:SFLAG=2:CFLAG=2:STIMER=TIMER:CTIMER=TIMER:POINTR=3

5188 PRINT "5189: SIFLAG:";SIFLAG,"SFLAG: ";SFLAG

S110 PRINT NI NOLDTI:" NLZI:"sNI{21:" NI3J:"iNI{31:" N{4]:"iN[{4]:;" NIE]1:"iN[5]
5115 'PRINT "G1i5: SIFLAGS: ";SIFLAG, "SFLAG: " SFLAG

5128 RETURN

513@ °

D LA oo e e e e e e T ST ST
L2900 SINGLE PART ROUTINE

5219 SINGLE=L |

S22@ INPUT "PART NO. - ":INDEX

5220 GET %2, INDEX

524Q
5250
5260
5270
5280
5280
5300
5510
532

5530
5340
5550
23560@
53570
5580
5390
5490
5410
5420
5450
5440

IF INDEX=>ENDNUM THEN G250 ELSE 5270

PRINT "ENTRY IS TOO HIGH, REENTER..."“;

GOTO 5220
GET #2,INDEX
IF N$="SKIP" THEN 529Q ELSE 5319
PRINT “PART IS SKIPPED, REENTER...";
GOTQ 522
FOR I=]1 70 §
Wi T I=UVALINS )
NEXT I
OFLAG=G
AFLAG=2 SFLAG=2:CFLAG=Z :BFLAB=D
GOSUR 4000
PRINT "PART NO. - ";INDEX;:" DONE"

PRINT *...PROCEED WITH NEXT PART (Y/N)?"

ANS=TNPUTS$( 1)

I[F ANS="Y" THEN 5310
PRINT "
ANS=]INPUTS$( 1)

IF ANS="Y" THEN 5220 ELSE 800

.. .PROCEED WITH ANOTHER SINGLE PART (Y/N)?"

"RETURN TO INITIAL SELECTION MENU
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5000 ' Adept Buffer Check Routine

5010 ATXS=ATX$+ATX]S

EAZQ ATX1$=""

5030 PRINT #i,7%+"1":: FOR T=1 TO MM:NEXT T
6040 WHILE NOT EOFC(1)

5050 ATXS=ATXS+INPUTE(LOC(1),%1)

EO6D WEND

5070 PRINT #1,Ts+"4";: FOR T=1 10 NN:NEXT T
£@aQ IF NOT EQF(1) THEN 5050

6090 IF INSTR(ATXS,"*#" )@ THEN 5100 ELSE 6120
5100 FAULT=110: ERRMESS=ATXS

110 RETURN

5170 IF INSTR(ATXS,CHR$(1Q)+":" )70 THEN 65130 ELSE b£150
5150 AFLAG=1

514@ PRINT "ATX$: "iATXS

5150 ATIMER=TIMER

H16@ RETURN

517Q °

F{R@ '—mmmmm e mm e e oSS S S S SCm T ST oo TmmEmTmEm T
290 * Seilo Buffer Check Routine

5210 STX$=STXE+5TX1%

65272 STX1g=""

£27%@ PRINT #1,T$+"2";: FOR T=1 TO MM:NEXT T

6240C WHILE NOT EOF(1)

5250 CTNE=STXS+INPUTS(LOC(L),®1)

260 WEND

£727¢ PRINT #1,T$+"4";: FOR T=1 TO NN:NEXT T

5280 IF NOT EOF(1) THEN 6230

=59 IF INGTR(STXS,"#)7:@ THEN B3¢0 ELSE 632
5300 FAULT=120: ERRMES$=5TX$

5310 RETURN

c500 IF INSTR(STXS,"M>")7>@ THEN 6320 ELSE 6350
5330 SFLAG=

5340 PRINT "STX$: “;STXS

5350 STIMER=TIMER

5367 RETURN

400 ' Clinch Buffer Check Routine
G410 CTX$=CTXS+CIX1S

5472 CTX1%=""

5470 PRINT #1,78+"3":: FOR T=1 TO MM:NEXT T

5440 WHILE NOT EOF(1)

5450 CTXS=CTXS+INPUTS(LOCC1), #1)

5460 WEND

5470 PRINT #1 ,T$+"4%;: FOR T=1 TO NN:NEXT T

5480 IF NNT FOF(1) THEN 65430

£490 [F INSTR¢(NTY® “#")- >0 THEN 6508 ELSE 6520 ‘vxr*xeNEED AN ERROR SCHEME «++

5509 FAULT=130: ERRMESS=C 1A%

5519 FETURN

5520 IF INSTR(CTX®,"KNTS")->@ THEN B530 ELSE 6550
65550 CFLAG=

55480 PRINT "CTX$: ":iCTXS

555@ CTIMER=TIMER

6560 RETURN

ES70

EEEQ P = s e e e e
19009 ° ADEPT ROUTINE

10019 °



1@@15
10020
10859
10040@
1005¢
10060

10070
19100
19105
190110
10115
10120
18125
19130
18155
10140
10145
10150
10155
10160@
19165
10170
12175
18180
10185
16130
10185
10200
10205
193500
19585
190510
104Q@0
10405
10410
10420
10430
10435
10436
10440
10460
10465
10468
19470
10480
10500
19051@
10520
190525
10530
19540
10550
107080
10705
190719
10711
10712
10715
10714
10715
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FRINT #1,T8+"1";
ON AFLAG GOTO 10030,10300

IF INSTR(ATXS,"#")7>@ THEN FAULT=111:ERRMES$=ATX$:RETURN
IF INSTR(ATXS,STRS(AN.NXT))<>@ THEN 10100

IF INSTR(ATX®,STR$(AN))=0 THEN FAULT=121:ERRMES$="ADPT PT # ERROR":RETURN

ADIR=UAL (MIDS(ATXS, INSTR(ATXS,"=")+1,1))  ':PRINT "ADIR:":ADIR

ON ADIR GOTO 10300,10115,10150,10165,10180,19170,10175,10195, 10200
' ADIR = 1 ? 3 4 5 5 7 : q
APOS=INSTR(ATXS, "@" ): SPOS=INSTR(ATXSE,"/")

IF APOS=@ OR SP0S=0 THEN FAULT=131:RETURN
ADISPS=MIDS(ATXS,APOS+1,SP0OS-APOS-1)

ATUBES=MID$(ATXS,SPOS+1 )

PRINT “EMPTY TUBE @":PRINT SPC{8);"PART #":STRS(AN.NXT)

PRINT SPC(8); “DISPENSER t";ADISPS:PRINT SPC(8);“TUBE #";ATUBES
50T0 10300

cAUL T=130: ERRMESS="PART #"+STRS(AN.NXT)+* NEEDS RESTOCKING"

'« x+GET MISSED PART FLAG AND COME BACK FOR THIS PART

GOTO 10300

FAULT =135:ERRMESS="ADEPT EQUIFMENT ERROR":RETURN
FAULT =136:ERRMESS="ADEPT ILLEGAL PART NUMBER":RETURN
FAULT =137:ERRMESS="UNLOAD ERROR":RETURN

INPUT "SEIKO NOT CLEAR, RETRY(R) OR QUIT(Q) ?",ANS
IF AN$="R" THEN 10190 ELSE 10714
AFLAG=4:ATX$="":PRINT #1,"-5":RETURN 'NQ INDEX
FAULT =138:ERRMES$="B0ARD LOAD ERROR":RETURN

FAULT =139:ERRMES$="TIMEOUT ON NEW BOARD STAGING":RETURN

ROUTINE

'IF OFLAG<>1 THEN AFLAG=2:RETURN
'IF AFLAGl=! THEN AFLAGL=0:ATX$="":60T0 10315
ATXE="" AN, NXT=N[2]
IF PFLAG=1 THEN POINTR=POINTR+1

'"PRINT "ADPT.POINTR: “;POINTR
[FLAG=1:PFLAG=1
s IF POINTR<2 OR POINTR;4 THEN 10250 ELSE 10260
"FAULT=125:ERRMES$="SEIKO OR ADEPT JUMPED ORDER":RETURN
IF BFLAG=1 THEN 10500
IF BFLAG=2 THEN 10700

PRINT #1!,AN.NXT
LINE INPUT #1,DUMMYS

PRINT "ADEPT TIME:":TIMER-A.CYC.TIMER:A.CYC.TIMER=T]MER
GOT0O 10500

' BOARD UNLOAD
'PRINT #1,T8+"1";
AN NXT==1:PRINT #1 AN.NXT

LINE INPUT #1,DUMMYS:PRINT "aZPT UNLOAD: ":DUMMYS
BFLAG=2 '

GOTO 10900

' BOARD LOAD

"PRINT #1,T$+"1";

'IF KEYFLAG=777 THEN STOP

BEEP: INPUT "LOAD A BOARD (Y/N/Q)? ", DUMS

IF DUM$="Y" THEN 10720 '

IF DUM$="N" THEN 10717

AN.NXT=-4:PRINT #1,AN.NXT:LINE INPUT #1,DUMMYS$
QFLAG=1



10716
10717
190718
18720
10730
10740
19750
10780
10500
19310
10920
18925
19830
19940
10350
12000
12010

2@15
12018
129020
12030
12040
12050
12960
12070
12100
12110
12120
12150
12140
12150
12160
12178
12180
12190

~coe
12210

P P S

d
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69 70

G010 1@740@

AN NXT=-3:PRINT #1,AN.NXT:
cOTO 18750
ANLNXT=-2:PRINT #L,AN.NXT:-LINE INPUT #1,DUMMY$
N{13=0@0:INDEX=0:605U8 5000

BFLAG=0

GOTO 10820

INE INPUT #1,DUMMYS

AFLAG=0

"OFLAG=Z

PRINT #1,7T8+"4";:
IF NOT EOFCIL)
RETURN

FOR T=1 TO NN:NEXT T
THEN ATX1$=INPUTS(LOC(1),#1)

-__—_——_—_—*—_-—_d—_*““_—-—“——-_——__
-""""'""""-"—_-_—_“——*“———ﬂ-—-—-ﬁ—iﬁﬂ-“ e R R s S S e W ey bnle S e =

" SEIKO ROUTINE

1

PRINT #1.T$+"2";

PRINT "SFLAG: "iSFLAG
QN SFLAG BOTO 12030, 12306
IF INSTR(STX%,STR8(SN))=0 THEN FAULT=5Q:ERRMES$="SEIKO PT # ERROR":RETURN
SDIR=VAL(MIDS(STXS, INSTR(STXS, "=" )+1 . 1))
ON 5SDIR GOTO 12300,12100,12110,12120,12120,12180,12190,12200,12210
’ SDIR = 1 Z 3 4 5 B 7 8 3
FAULT=30:ERRMESS="PART #"+STRE(SN)+" NOT FOUND":RETURN
FAULT=231:ERRMESS="BAD BOARD, TO MANY REJECTS ":RETURN
RELAG=SN:FAULT=22 -ERRMES$="REJECT" : RETURN
PRINT #1."D0 T73=":5T3%;CRLF%; 'BEC POINT
LINE IMPUT #1,5TX8:5%=INPUTSH(L, #1)
IF INSTR(OSTXS,"M>")=0 THEN FAULT=33:RETURN
PRINT #1,"START 100Q"+CRLF$:
RETURN
FAULT=33:ERRMES$="ADEPT NOT CLEAR ":RETHURN
FAULT=34 :-ERRMESS="CLINCH INCOMPLETE":RETURN
FAULT=25:ERRMESS="CURRENT PART NOT CLAMPED":RETURN
FAULT=56:ERRMESS="NO READING FROM SEIKQO CLINCH HEIGHT SENSOR":RETURN
IF OFLAGY>Z THEN SFLAG=Z:RETURN
iF SIFLreo=1] THEN SIFLAG=Z:SFLAL=@ :KETURN
= FFELAG= THEN POINTR=FCINT R l
"PRINT "SRG, FCL4T?f "LFOIN
SN=N{ROINTR ] FRINT "SN: ";cN
ELAGC=Y: ST E="
IF Tr=-l THEN 124100
'rrrarex eI ERTNT S . MID., T IME= TIMER—ST IMEH
'Sms=MIpIosTIE, 2V, 40
IF NOCT EOF. 1 TeEN SDUMS=INFUTE LOCCL), %1, FPRINT "S0UME: " 20UMS
SEINT $1,°D0 CGLEFTS(SUE, CINSTRESUS, “13?:“'ﬁ=”'5 LRLEE
LINE INFUT #1,01%:D28=INPUTSLOCCL 1,81 PRINT SNGDLS
FRINT #1,"00 Ti=":5T1%:CRLF®:
LINE INFUT #1,D18:02%=INPUTS(LOCCL %1
C PRINT #1,"D0 T2=":5TC0%:CRLFS;
LINE INFUT #1,018:DZ28=INPUTS(LOCIL ), %1,
G070 12439
FRINT #1,"00 N=";SN:CRLFS:
LINE INFUT #1,01$:0°08=INFUTSECLACCL ), 81 )
SIFLAL=1F=INT "ZIRLAG=LT



124350
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71 ,
!55@ HILL BE 1@@@ *****f;*******

FRINT #1,"START 542"+CRLF$:

12435 PRINT “SEIKOQ TIME: " TIMER-S.CYC.TIMER:S,CYC.TIMER=TIMER

12449
12450
12460
12485
12479
12475
124889
12490
14000
14212
14220@
14250
140355
14242
14050
140780
14080
14290
14500
14595
14506
14310
14511
14512
14515
14520
14521
145272
14325
14524
1452

14326
1455@
14559
145569
14370
14580
14590
14480
14410
14420
14459
14440
14445
1445
14480
14470
14480
14485
14430
14435
14500
14510
14520
14530
14540
145540
14560

.

SFLAG=D

OFLAG=3

PRINT #1,T$+"4":: FOR T=1 TO NN:NEXT T

[F NOT EQF(1) THEN STX1$=INPUTS(LOC(1}),#1)
RETURN

_ﬁ__*__-—————-—-——_—-_#-*—_-—-"——_—-“-—“--ﬂ----_——--——-ﬂ--—_—“—_—__*—“—- A el g gy

' CLINCH ROUTINE

ON CFLAG GOTO 140302,14320
FBCNTS=LEFTS(CTXS$,4)

PRINT "KNTS>";VAL(FECNTS$):G0T0D 14300
IF VAL(FRBCNTS$)=0 THEN 14300

"FL.AG BOARD AND PART NUMEBER

PRINT "IMPROFER FEEDBACK ON CLINCH OF PART #";CN
GOTO 14500

'rxxxxerrrrxxxDEBUG ONLY

CTX$=""
IF OFLAG<>3 THEN CFLAG=2:RETURN
IF CIFLAG=1 THEN CIFLAG=2:CFLAG=0:RETURN
CN=5N
PRINT #1,T$+"3";
PRINT "CN: " ;CN
IF ChN=-1 THEN 14700
GET #4,CN
OR I=1 TO €
CXTI1=UAL(XSII])
CYLTI)=VAL(YSIIT)
PPITI=UAL(LEFTS(PSITI, 1))
NEXT I

E XX EXXTNTON FHREFE R XX TR R R

"+**COULD PRINT THE STRING VARIABRLE

"LNUM =

Ty 8
i1 THEN CNUM=CNUM+1

PRINT #l‘"HZL@.X.P.BUE.H.Y.H.HHH“:CNUM:".HYL@.":CRLF$;

LINE INPUT #1,DUMMYS$:D$=INPUTS( 1, 4] )
KFLAG=0 ' LNUM=1

FOR I=1 T0 8

‘¥« JF =1 THEN 14470

IF CXIT1=-1 THEN 14E30

IF PP{Il=1 THEN 14540

IF KFLAG<>1 THEN 14485

FRINT #1{,"KZLO.P.BW&S.";

PRINT #1,"Y M"5CYLI1i" . X.M"sCX[T];" . "
IF I=2 THEN PRINT #1,"Svy1.";

PRINT #1,"6.Y.6.BWE." :CRLF%;

LINE INPUT #1,DUMMYS:D$=INPUTS(1 41 )
KFLAG=0 " LNUM=LNUM+ |

GOTO 14630

IF KFLAG=1 THEN 145860
PRINT #1,"KZL1.P.BWG.";
PRINT #1,"Y . M":CYII}:" . X M"iCXTI):" . KYL!.";CRLFS:

'+*INSTEAD OF THE REAL CONVERTED VARIABLE



180 OPEN "COM]:38600,N,8,
130 OFEN
2@0 OPEN "PARTFILE.CLN®

1" AS

AS #4

1|

4,910,859

"PARTFILE.SKO" AS #5 LEN=200

74

‘rexrrx ADD K,

¥ £ ¥

73

14565 LINE INPUT #1,0UMMYS:0$=INPUTS(L &1 )

14570 IF I=2 THEN PRINT #1,"SYl.";

14575 PRINT #1,"X.6.Y.G.BWE."CRLF$;

14577 LINE INPUT #1!,DUMMYS$:D$=INPUTS(1 #1)

14580 'FRINT #1,"DKBO.#": (LNUM+6);CRLFS$

14585 'LINE INPUT #1,DUMMYS:D$=INPUTS(], %1 )

14590 PRINT #t,"KZW4.DKAD.";CRLFS;

14595 LINE INPUT #1,DUMMY$:D$=TNPUTS( ! #1)

14600 'PRINT #1,"DKAQ.":CRLFS:;

14605 'LINE INPUT #!,DUMMYS$:D$=INPUTS$(1, #1)

14610 PRINT #1,"KYLQ.";CRLFS%;

14615 LINE INPUT #1,DUMMY$:D$=INPUTS(1, #1)
14620 KFLAG= ' LNUM=LNUM+B

14636 NEXT I

14640 °

14650 IF KFLAG-. @ THEN PRINT #!,"¥ZLO.P.BWE.":

14655 PRIMT #1,"KKT.":CRLF$:

14657 LINE INPUT #1,DUMMY$:0$=INPUTS(1, %)

14660 GOTO 14800

14665 °

14700 PRINT #1,"KZLO.X.P.BWE.MI25.6.Y.M125.6.BWE." ;CRLFS:
14710 LINE INPUT #1,DUMMYS$:D$=INPUTS(1, #1) ":PRINT DUMMYS3
14720 CIFLAG=1:60SUB 2065 ' "HOME" )

14722 PRINT #1,"X.B";XBSPD$:".L.Y.B":YBSPDS$;“.L."+CRLF%:
14725 LINE INPUT #1,DUMMY$:D$=INPUTS$(L,#1) ':PRINT DUMMY$
14730 PRINT #1,"KKT."+CRLFS::LINE INPUT #1,DUMMYS:D$=INPUTS(] #1)
14749 GOTO 14800

14759 °

14800 CFLAG=0:0FLAG=2  ’#+*SET UP FOR ORDER FLAG ON SEIKO AND CLINCH ONLY
14010 PEINT %1,TE+"4";: FOR T=1 TO NN:NEXT T

14815 IF MOT EQF(1) THEN CTX1S=INFUTS(LOC(1), %1 )

14820 RETURN

14830Q °

14840 " — e
16999 OPEN "COM!:9600,N,8,1" AS #1

17000 PRINT #1,CHRS(20)+"1";

17010 FRINT #1,"PCA":PRINT #1,"A":PRINT #1,"RESET"

17022 PRINT #1,CHR$(20)+"2";

17030 PRINT #1,.CHR$(27); B

1704@ FRINT #1,CHR$(20)+"3";

17050 PRINT #] ,CHR$(3)+"@." ;CRLF&;

1 706@ PRINT "#+x S T O P +es":STQP

18000 PRINT “FAULT: ";FAULT

18010 PRINT "MESSAGE: ";ERRMESS

18¢2@ G0OTO 17000:RETURN _

20000 SHELL "BASICA TERMINAL.2 /C:2Q48":END

2100Q 'SHELL "BASICA C:SEIKOHST /C:2048"

272000 'FOR I=1 10 LEM(AI$):PRINT ASC(MIDS(ALIS,I,1)); NEXT 1
@ " mm e e e
{10 '  POINT TEACHING PROGRAM

120 1676 - 5/11/85

138 '  CHAD INDUSTRIES

14@ ' WSP

LG M e e
160

170 CLS:KEY OFF:COLOR S
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FIELD

FIELD
FIELD
FIELD
FIELD
FIELD
FIELD
FIELD
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ALIMIT=10602:YLIMIT=13500
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#5,50 AS FT1%,50 AS FT2%,5¢ AS FT2%,40 AS FU$

#4,5 AS PT$,6 AS X$(11,6 AS Y$[11,2 AS PS([])

£4,19 AS
£4,33 AS
34,47 AS
#4,61 AS
#4,75 AS
t4,89 AS

#4,1035 AS NL7$,6 AS X$[B1,6 AS Y$[81,2 AS P3$[81,2 AS CRS

AS
AS
AS
AS
AS
AS

NLIS.B
NLZ$,6
NL3%,b
NL4%,6
NL5%,56
NLES,B

X$(21,6
X$L 51,6
x$(41,6
X$(51,6
X${b1,E
X$[ 71,6

MNTR.SEG=RHBBQV: PARTLST =0

AS
AS
AS
AS
AS
AS

T$=CHRS$(20):CRLF$=CHRS( 13)+CHRSE( 10 )
PRINT #1,T$+"1";:FOR T= 1 TO 1QQ:NEXT T
IF NOT EOF(1) THEN D$=INPUT$(LOC(1),#1):PRINT DS
PRINT #1,7$+"2";:FOR T= 1! TO 1@Q:NEXT T |
IF NOT EOF(1) THEN D$=INPUT$(LOC(1),#1):PRINT D$%
PRINT #1,T$+"“3"::FOR T= 1 TO (@O:NEXT T
IF NOT EOF(1) THEN D$=INPUTS(LOC(1),#1):PRINT D%
PRINT #1,7T$+"4"“;:FOR T= 1 TO 1@Q:NEXT T
IF NOT EOF(1) THEN D$=INPUTS(LOC(!),#1):PRINT D3

LOCATE CSRLIN-1,1Z:PRINT

GOTO 560

(@2l e

"ADEPT TEACHING

CLS:PRINT *

PRINT #1,T$+"1";

PRINT #1,"EX TEACH"
LINE INPUT #1,DUMMYS:D8=INPUTS(1, %1
PRINT #1,""
De=TNPUTS(3,#1):PRINT D%;

IF INSTR(D$,"#")=0 THEN STOP:RTRN=1:608UB 10G10@ ELSE 1070
GOTO '

1010

WHILE EQF{ 1)
FOR T={ T0O 1@@:NEXT T
DE=INPUTS(LOC(1),8#1)
PRINT D$%;
IF INSTR(DS$,CHRS(18)+"."“)2>0 THEN 1150
FOR T=1! TO S@0Q:NEXT T

IF EOF(1) THEN 1Q@7@ ELSE 1Q90

PRINT

- IF INKEY$="A"

Y${21,2
Y$( 31,2
Y&[41],2
Y$[51,72
Y$8{61],2
YS§[71,2

"11187,19210

'GOTO 2031
LOCATE 1@,1:COLOR &
PRINT "DO WISH TO TEACH POINTS ON THE:"
PRINT * - ADEPT 7°
PRINT " ~ SEIKQ ?°
PRINT - CLINCH ?°

2 PRINT - TERMINAL 7"
PRINT * - QUIT 7"

' LOCATE ,13,1:INPUT “" ANS
IF LEFTS(ANS,1)="A" THEN 1000
IF LEFTS(ANS,1)="5" THEN 2000
IF LEFT$(ANS,1)="C" THEN 5000
IF LEFTS(ANS, 1)="T" THEN 20000
IF LEFTS(ANS,1)="0" THEN

“*xv+ TEACHING ADEPT COMPLETED »#+"
FOR T=1 TO 1200:NEXT T:60T0 519

AS
AS
AS
AS
AS
AS

P${ 2]
P$[ 3]
PS4 ]
P${5]

P${ & ]
PS[7]

*++ TEACHING ADEPT USING PENDANT #x»"

THEN 1180 ELSE WEND



4,910,859 |
17 78

1170 °

1180 PRINT #1,"A"

119@ Dg=""

1200 WHILE EOF(1):WEND

1210 D$=D$+INPUTS(LOC(L1),#1)

1220 IF INSTR(D$.CHRE(1Q)+",")=0 THEN (200

1230 PRINT #1,"TOOL TTLQ"

1240 LINE INPUT #1,DUMMY$:D$=INPUTS(2,%#1)

1250 FOR T=1 TO 1Q@@:NEXT T:CLS:GOTO 510

1260 °

2000 ' Seilko Point Teaching Routine

2010 °

2020 CLS:DEF SEG=8HBOQO:BLOAD "SKOTEACH.SCN“,Q

2022 LOCATE 14.5,0:COLOR 1@:PRINT "#*x STAY CLEAR OF THE TOOLING PING ##x°
2024 LOCATE ,5,1:COLOR S |
2026 INPUT “... AND HIT RETURN WHEN THERE IS A CARRIER IN POSITION ",D$%
2030 PRINT #1,T$+"1";:FOR T=1 TO 1Q:NEXT T

2040 PRINT #1,"PCEX SKO_TCH" .

2050 LINE INPUT #!,DUMMYS$:D$S=INPUTS(1, #1)

2050 LINE INPUT #1,ATX$:DS=INPUTH( L, #1)

2070 IF INSTR(ATXS$,"PRO")<>@ THEN 2100

2075 IF ATX$="MOVE" THEN PRINT “MOUE ADEPT CLEAR":60TQ 20727
2080 RTRN=1:G0SUB 10010:G0TQ 2030

2099 CLS:DEF SEG=&HBOQQ:BLOAD "SKOTEACH.SCN",Q

2100 LOCATE 25,8:COLOR 17

2110 PRINT “*» » » WARNING: GUARDZIONE DISABLETD®*® = *",
2120 LOCATE 10@,1:COLOR &

2122 LOCATE 14:PRINT SPC(75):PRINT SPC(75)

2123 PRINT #1,T$+"3"::FOR T=1 TO 10Q:NEXT T

2125 IF NOT EOF(1) THEN D$=INPUTS(LOC(1),1)

2130 PRINT #1,T$+"2";:F0R T=1 TO 1O:NEXT T

2149 PRINT #1,"D0O SPEED 40:MOVE T3750:SPEED 300" ;CRLFS$:;

2150 LINE INPUT #1,DUMMYS:D$=INFUTS(1,#1)

2160 LOCATE 2,18,1,1,13:INPUT "“", SN

2170 GET #3,SN

2180 1F VUAL(FT1$)<>@ THEN 2240

219¢ T1g= " Q. 0. 0. 0. "
2200 T2%= " D . Q. D . Q. 1"
“ Tag= " 0. . @ . 0 . t
? U$ = "A=0:B=0:P=1:0=15:H= @:6= @

GOT0 2289

T1$=FT1$:PRINT #1!,"D0 Ti1=";T1%;CRLFS$;
LINE INPUT #1,DUMMY$:D$=INPUTS(1,%#1)
T2$=FT2%:PRINT #1,"D0 T2=";T2%;CRLFS;
LINE INPUT #1,DUMMY$:D$=INPUTS(1,%#1)
T3$=FT3%:PRINT #1,"D0 T3=";T3%:CRLFS$;
LINE INPUT #1,DUMMY$:D$=INPUTS(1 #1)
Vs =FUS%
_OCATE 4,23,0:PRINT TI1&:
_OCATE 5,23,0:PRINT T2%;
_QCATE 6,23,0:PRINT T3$;
[F MID$(VUS,11,1)="2" THEN LOCATE
IF MID$(VUS,11,1)="1" THEN LOCATE
ORB=UAL (MID$(V$,15,2))
LOCATE 9,32:PRINT ORB
IF MID$(U$,27,1)="1" THEN LOCATE 10,32:SHR$="YES":PRINT SHR$;:G0OTO 2370
IF MID$(VUS$,27,1)="0" THEN LOCATE 10,32:SHR$="NO ":PRINT SHR$;

76 T o B L BN AN B L B 00 B AN

(00 [ N0 S A0 T A0 B 00 B 0 B A
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PRESS="HIGH" :PRINT PRESS::60T0 2530€
":PRESS="L0OW ":PRINT PRESS;
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PRIMT #1."D0 ":VU%:":N=";SN;CRLFS$;
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2400
2410
2420
2450
2440
2450
24860
2470
2480
2490
2500
251@
2520
2539
2540
2550
2560
2970
<580
2599
2600
2h10@
cbZ0
~b3yd
2640
2650
2660
2670
2b8Y
2530
2700
2110
2712
2713
e 715
2720
2730
2740
2750
2760
2770
2780
27390
2800
2810
2820
2839
2840
2850
286
2870
2 880
2882
2884
2886
2888
2890
2300
2910
2320

4,910,859
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LOCATE 4,64, 1:INPUT "TEACH Y/N";:ANS$
IF ANS<>M"Y" THEN 2712
IF VAL(Ti$)=0 THEN 2510
SHE=MIDS(T1%$,20,4)
"PRINT #1,"D0 P=0:H=":5H%; " :N=";5N;CRLFS%;
'LINE INPUT $1,D1$:D29=INPUTS(1,%1)
'PRINT #1,"DO Ti=";T1%:CRLFS%;
'LINE INPUT #1,D1%:DZ28=INPUTS(1,%1)
PRINT #1,"START 120407 :CRLFS;
GOTC 2540
PRINT #1,"START 10010";CRLFS;
LINE INPUT #1,I.T1%:D$=INPUTS(] ¥1)
IF INSTR(I.T1%,"T1")=0 THEN PRINT 1.7T1%$:570P
LINE INFUT #1,DUMMYS:DS=INPUTS(L,#])
IF INSTR( DUMMYS,"M>")=@ THEN STOP
T1$=MIDS(].T1%,8) |
LOCATE 4,23,8:PRINT T1%:5PC(20)
He=MIDS(T1%$,20,4)
MIDS(VUS,20,4 )=HS
PRINT #1,"D0 H=":H%$;CRLFS;
LINE INPUT #! DUMMYS:DS=INPUTS(],%1)
A.DEG=VAL(MIDS(T1%,28)) .
IF A.DEG»-6 AND A.DEG<8B4 THEN A%="1"
IF A.DEG*-145 AND A.DEGK-84 THEN A%$="2"
[F A.DEG:84 AND A.BEG7i46 THEN A$="35"
IF A.DEG>»-94 AND A.DEG<-b THEN A%$="4"
MIDS(US,3,1)=A%
PRINT #1,"D0 A=";A%;CRLFS%;
LIMNE INPUT #1,0UMMYS:DS=INFUTS(1,%1)

LOCATE 13,5:PRINT "NOTE: YOU MUST TEACH THE INSERTION POINT"

GOTO 2750 |
"PRINT #1,"D0 T1=":T1%;:CRLFS;
"LINE INPUT #1,DUMMYS:D$=INPUT$(1,81)

LOCATE §,684,1: INPUT "TEACH Y/N"iANS.TZ28%
IF ANS.TZ28<>"Y" THEN Z365

| OCATE 14 ,5:PRINT "HIT RETURN WHEN THERE IS5 A PART IN THE STRAIGHTENER"

INPUT "",D$
IF VAL(T2%)=0 THEN 2820
'PRINT #1,"00 T2=";72%;CRLF%;
"LINE INPUT #1 ,DUMMYS:D$=INPUTS(1,#1)
PRINT #1,"START 10220" :CRLF$;
6070 2830
PRINT #1,"START 10200"; CRLF%;
LINE INPUT #1,1.72%:D$=INPUTS(L,%1)
[F INSTR(I.T2%,"T2")=0 THEN PRINT I.T72%:STQOP
LINE INPUT #1,DUMMYS$:D$=INPUTS(1,%1)
[F INSTR(DUMMYS, "M, ")=0 THEN 2850
T2%=MIDS(].T2%,8)
LOCATE 5,23:PRINT T2%:SPC(20@)
6$=MID$(T2%,20,4)
MIDS(VUS,27,4)=0%
PRINT t1,"D0O G=":6%;:CRLFS&:
LINF INPUT #1,DUMMYS:0$=INPUTS(L,#1)
B.0EG=UAL(MIDS(TZS$,28))
IF B.OFG 34 AND B.DEG<145 THEN Bs$="1"
IF B.DEG>-145 AND B.DEG<-52 THEN Bs="2"
IF B.DEG>145 AND E.DEG--145 THEN B$="3"

*NOT ACCESSABLE
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MID$(US,7,1)=B%

31
IF B.DEG>-52 AND B.DEG<34 THEN B$="4"
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PRINT #1,"D0O B=":BS;CRLF%;
LINE INPUT #1,DUMMY$:D$=INPUTS({,#1)
PRINT #1,"START 1080Q":CRLFS$;
LINE INPUT #1,S5TX$:D$=INPUTS(1,#1)
'PRINT #1,"D0 T2=":T2%:CRLFS$;
[F INSTR(STXS,"*ERROR" )=0 THEN 2980

LINE INPUT #1,DUMMYS:D$=INP

LOCATE 16,5,1:PRINT "DO YOU WISH TO TEACH THE CLINCH POINTS NOW (Y/N) “;

INPUT ANS

IF LEFTS(ANS, 1)="Y" THEN 3000 ELSE 3140
IF UAL(T2%)=0 OR VAL(T1$)=0 THEN 3050

LOCATE 14,5,1:PRINT "HIT RETURN WHEN THERE IS A PART IN THE STAIGHTENER";
",D$:IF DS
#1,"START 10700":CRLFS;

INPUT °
PRINT

THEN 2060

LINE INPUT #1{,DUMMYS:D$=INPUTS(1 #1)

IF INSTR(DUMMYS,"M>")=0 THEN PRINT DUMMY%:G0TO 1001@

RET.FLAG=3@70@

CHAIN

"CLINCHLZ.BAS",1008,ALL

DEF SEG=&HBOQQ:BLOAD "SKOTEACH.SCN" ,0

PRINT #1,T$+"2";

L OCATE
_OCATE 5,23
L OCATE 6,23
_QCATE 8, 3%
_OCATE 9, 32
_OCATE 10,3
PRINT #],7T%+"2

[F VAL(T2%)=0 0OR DUM$<>"

4 23:FRINT T1%;

3:PRINT T2%;

PRINT T29%;
: PRINT PRESS
:PRINT ORB
2:PRINT SHRS$;

" THEN 23148

PRINT #1,"START 10800"; CRLF&;
LINE INPUT #1,5TX%:D%=INPUTS(L,#]1)
IF INSTR(STX®,"+ERROR" )=0 THEN 3140

LINE INPUT #1 ,DUMMYS:DS=INPUTS(],#1):PRINT STX$:5T0P

LOCATE 6,64 ,1: INFUT "TEACH Y/N";:ANS
THEN 3290
MIDS(H.T3%,19,8)="
PRINT #1."0C T3=";H.T3%;CRLF$;

LIWE INPUT #1,DUMHMYS:D$=INPUTS( L, #1)
PRINT #1,“START 100020";CRLF$;

LINE INPUT #1,DUMMY$:D$=INPUTS( 1, #1)

IF ANg="N"

IF INSTR(DUMMY®, "M>")=0 Tt

Q.

EN STOP

PRINT #1,"D0 PRINT T3";CRLF$;

LINE INPUT I.T3%:D$=INPUTS(L #1)
LINE INPUT #1,DUMMY$:D$=INPUTS( L, #1)
T2$=MIDS(1.73%,8)
L OCATE 6,23:PRINT T3$:SPC(13)

LOCATE 8,37,1: INPUT "CHANGE
OR N.PRES®="N"

IF N.PRESS=""

IF N.PRESS7:7Y"

PRES®="HIGH"
MIDS(US, L1, 1)="2"
QCATE 8,32:PRINT PRES$;SPC(15)

GOTO

3420

" ONLPRESS
THEN 3420

THEN 33515
LOCATE 9,37:PRINT SPC(12);:60T0 3230
IF INSTR(N.PRESS,"H")<>0Q THEN 3320 ELSE 25360

IF INSTR(N.PRESS,"L"

Y(>@ THEN 3370 ELSE 241@

UT$(1,#1):PRINT STX$:STOP



3370
3380
3330
3400
3410
3420
3425
3430
5435
3440
3445
3450
3460
3470
3480
3490
3500
3510
3520
3530
3540
3550
3560
3570
3580
3590
3535
5600
3610
3620
3630
3640
3650
3660
3670
3680
3690
3700
3710
3790
7800
%810
3820
3830
3840
3850
5000
5010
5020
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83 '
PRESS="LOW "
MIDS(US,11,1)="1"
L OCATE 8,32:PRINT PRES$;SPC(15)
GOTO 34290
LOCATE 9,37,1:INPUT "CHANGE >",N.ORBS
IF N.ORB$="" 0OR N.ORB$="N" THEN 3500
IF N.ORB$4>"Y" THEN 3440
LOCATE 9,37:PRINT SPC(12);:60T70 3420
ORB=VAL(N.ORBS$)
ORB=VAL(N.ORB%)
ORBS=RIGHTS(STRE(ORB),2) "LEN(STR$(ORB))=1
MID$(VS,15,2)=0RBS
LOCATE 9,32,0:PRINT ORB%$:SPC(15)
GOTO 3500

LOCATE 17,1@,1:INFUT “DO YOU WISH-TO TEST RUN THIS PART *;ANS
IF LEFT$(ANS,1)<>"Y" THEN 3600 |
LOCATE 18,10,
INPUT “HIT RETURN WHEN THERE IS A PART IN THE STRAIGHTENER *,D$
FOR T= 1 TO 1000: NEXT T
PRINT #1,*START 10600";CRLFS$:;
LINE INPUT #1,STX$:D$=INPUTS( 1, %1)
IF INSTR(STXS,"M>")¢:0 THEN 3530
PRINT STX$: GOTO 3560
LOCATE 17,1@:PRINT SPC(60)::LOCATE 18,10:PRINT SPC(60);:60T0 3500

L OCATE 19,10,1:PRINT "DO YOU WANT TO0 FILE THIS BATA (Y/N)";

INPUT ANS |

IF ANS<:"Y" THEN 3700

LSET FT1%=T18% |

LSET FT2%=T2%

LSET FTa8=T75%

LSET FU$=VUS%

PUT #5,5N

LOCATE 20,10:PRINT °...FILED"

GOTQ 3790 |
LOCATE 20.,10,1:INPUT "DQ YOU WANT TO REDO THIS PART (Y) QR GO ON "i;ANS
IF ANS="Y" THEN Z217@ ELSE 3730

LOCATE 21,190:PRINT "DO YOU WISH 70 TEACH ANOTHER PART (Y/N)";

INPUT AN3

IF AMS="Y" THENM PRINT "...damn":FOR T=1 TO 1Q0@:NeXT T:6G0T0 20850

IF AN$="N" THEN CLS:RTRN=1:605UB 1@01@:CLS:60T0 510

LOCATE 15,10:PRINT SPC(6Q):60T0Q 3690

END

’ CLINCH ROUTINE
RET.FLAG=5030

CHAIN “CLINCH!Z.BAS",1000,ALL

5@3@ CLS:60T0 510

5040

10000
10010
10020
10@25
10230
10040
10059
10060
10070

1

OFEN "COM1:9600,N,8,1" AS #1!

PRINT #1,CHR$(20)+"1";:FOR T=1 TO 20:NEXT T
PRINT #1,“ABORT"

PRINT #1,"PCABORT"

LINE INPUT #1,DUMMYS ':PRINT DUMMYS:
WHILE NOT EQE(1)

FOR T=1 TO S@@:NEXT T

IF NOT EOF(1) THEN De=INPUTS:LOC{1),¢1)

' 'PRINT D$; -
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85 86

10082 WEND

12080 ‘END

18100 PRINT #1,"SIGNAL -30"

16110 LINE INPUT #1,DUMMYS:DS=INPUTS( !, %1 ":PRINT DUMMYS

10115 IF RTRN=1 THEN RTRN=0:RETURN
10120 PRINT "END"

1015@ STOP
<0000 SHELL "BASICA TERMINAL.2 /C:2048":CLS:G0OTO 510

- APPENDIX B

. LISTP APP_PROG
I .FROGRAM app_prog()

T T T T T T e e e e e e e —— — — ———————— e =
3 ADEPT ROBOT CONTROL PROGRAM
4 ; 1676 - 4/5/85
5 ; CHAD INDUSTRIES
B ; WSP |
T
B e e e e e
9 ;INITIALIZE
1@ RESET
11 SIGNAL -Z2001, -2002, -2008, -2007, 23
12 ; SIGNAL 24
13 DELAY 1.1
14 BREAK
15 SIGNAL -24
16 SPEED 10@ ALWAYS
17 ACCEL 100, 100
18 COARSE ALWAYS
19 ATTACH (1)
g count = @
2 1 st _lim = 175
2z rad.maj = 650
o3 FOR i =1 TO partgty
24 IF $tubelil == "" THEN
25 GOTO 20
26 END
) Btubetlil = $tubeli]
28 curdispli] = VAL(SDECODE($tubetlil,",",2))
293 Sdummy = SOECODE($tubetlil,",",1)
30 curtubelil]l = VAL(SDECODE(Stubellil,";",0))
31 IF $tubetli] == "" THEN
32 GOTO 20
33 END
34 $dummy = SDECODE(Stubet{il,";".1)
35 20 END |
38 PCEXECUTE pc_cntrl (), @, @
37 REACT (-1@@7), rel clmp
38 e e e
59 1908 HERE current
40 [F DISTANCE(current,locl) < st lim THEN
41 6GO0TO 150
47 ELSE
43 WRITE (1) /B, /B, /B, "LOCATE ROBOT CLOSE TO STARTING POINT®
44 READ (1) dummy
45 | - GOTO 100

45 END)



47
48
49
50
51

53
54
55
56
57
58
59
b@
b1
b2
b3
B4
bS
66
b7
658
69
79
7]
72
73
74
75
76
77
78
79
80
g1

-
L

B3
B4
85
- 86
87
88
89
30
91
92

33
54
95
56
37
38
33
100
101
1902
103
104
195

154

180

~J
™~J
&)
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MOVE locl
HERE #nouw
DECOMPQOSE qfl] = #now
IF qt2] » @& THEN
GOTO 18¢
END

WRITE (1) /B, /B, /B, "CHANGE TO RIGHTY CONFIGURATION"

STOP

MOVE loc?
MOVE loc3
RIGHTY

MOVE locl
BREAK

RESET
SIGNAL 2007

STGNAL £Q@01 i RC PROG INITIALIZED (10 FPC PROG)

TIMER (3) = 0

WAIT (S1G(200<1)) OR (SIG(Z@@8)) QR (TIMER(3) > 18@)

[F SIG(2002) GOTO 205
[F SIG(20@3) GOTO 807

IF (TIMER(3) > B@) AND (SI6G(Z0@0@6)) THEN

G070 209
ELSE
PCABORT
TYPE "#* NEXT PART TIMEQUT *#"
PCABORT
STOP  THIS NEEDS WORK
EMND
TIMER (1) = 0
an = an.nxt
an.nxt = 0@
SIGNAL -Z280., 2010
; MATH
tn = (lZ2%curdisplanl))i+curtubelan]
tube.num = tn
DECOMPQSE ptlil(l] = picklitn]
radl = SQRT(S5QR(pt10l1]1)+SQR(pti{21]11})
IF 876-ptl1l3] > radl-rad.maj THEN
GOTO 2¢
ELSE
GOTO 250
END
pt2l1] = rad.maj/radl*ptl1{1]
nt2(2] = rad.maj/radl*ptl1[2Z]
nt2l3]1 = ptll3l+iradi~rad.maj)

SET apick? = TRANS(pt2(11, pt2{2]), pt2(3], ptlild], ptliS], ptilbi)

SET apicltd = apichk

GOTO L2409

rade = radl-(876-ptll(31]1)
nt2{1] = radz/radl*ptI{1]
nt2l2] = radd/radl*ptllZ]

nts3l1l] = rad.maj/radl*pti(1]
nt3[2] = rad.maj/radl*ptl{Z]

GET apichk? = TRANS(pt2[1], pt2[2), 876, ptii4), ptil5], ptilB1)

SET apick3d = TRANS(pt3l1ll, ptdl21, 876,

SIGHNAL 17 s PIVOT
SPEED 100

ACCEL 80, b0

MOUVE apichk3

ptllid4l, ptlilG],

ptilB])



106
1@7
108

116
111
112
113
114
115
116
117
118

1189
120
121
1272
123
124
125
126
127
128
129
130
131
132
133
134
135
136
{37
178
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
{58
159
160
161
162
163
164

199 ;

70

89

BREAK
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; SIGNAL ACTUATOR

[F curtubelan] MOD 2 ==

SIGNAL 189

ELSE

STGNAL
END

18

THEN
LEFT ACTUATOR

i RIGHT ACTUATOR

 CHECK SIG (PIVOT)

IF SIG(-18@3) THEN
TIMER (2) =

WAIT (TIMER(Z) > 2) OR (SIG(1003))
IF SIG(1@@3) GOTO 260Q
SIGNAL 2012

TYPE "# GRIP PIVOT DOWN LIMIT SWITCH RADs"
STOP

END
SPEED

ACCEL (@@,

100

100

MOVES apickd

BREAK

SIGNAL ACTUATOR

[F curtubelan] MOD 2 ==

SIGNAL 18

ELSE

SIGNAL

END
SPEED
ACCEL
FINE

120

100,

18

.
e

MOVES pickitn]

BREAK
DELAY
SIGNAL

END

2

DELAY grip.time

BREAK

SIGNAL -18, -19

DELAY
BREAK
PAUSE
SPEED
ACCEL
MOVES
SPEED
ACCEL
MOVES

ELSE

WRITE (1)

Q.3

100
106,

100

apick?

120

100 ,

109

apick3
[F SIG(1001) THEN
GOTO 300

GOTO 300
lst.disp =
Ist.tube =

SIGNAL
IF $tubet{ian)] == ™"

2004

/8,

2

F

@ THEN
 LEFT

yRIGHT

; 6RIP JAWS CLOSED
THEN

 6R1IP HIGH PRESSURE

; 6RIP, LOW PRESSURE

/8, /B, "NO PART IN GRIP"
curdispflan]

curtubelan]l

EMPTY TUBE

THEN

/N



91 92
165 $tubetlan] = $tubelanl
1EGE END
167 curdisplan] = VAL{SDECODE(${tubetian],”,",8))
168 $dummy = SOECODE($tubetf{anl,",",1)
169 curtubelanl] = UVAL(SDECODE(%$tubetianl,":;",0))
170 IF $tubettanl] == """ THEN
171 GO0T0 280
172 END
173 $dummy = SDECODE(Stubetl{an],”";i",1)
174 280 count = count+l
175 SIGNAL ~20, -18, -19
176 IF count > 3 THEN
177 SIGNAL -17
178 MQUE locl
179 SIGNAL 2005
180 GOTO 580 i NEW PART
181 END
187 GOTO 210 s NEXT TUBE
183 END
184 300 SIGNAL 2005 ; 500D PART/FOUND
|85 : count = 0@
186 SIGNAL ~-17, -18, -18; RAISE PIVOT,AND BOTH ACTUATORS
187 SPEED 10Q
183 ACCEL §8, bBCQ
189 FINE
190 MOVE locl
191 310 ;CHECK PIVOT FEEDBACK
192 [F SIG(~1202) THEN
185 TIMER (2) = 0
154 WAIT (TIMER(Z)Y > 2) OR (SIG(1@QBL))
185 [F SI6(1002) GOTO 320
1 96 SIGNAL Jd@¢1lZ
197 TYPE "+ GRIP PIVOT UP LIMIT SWITCH BAD *°
1 98 PCABORT
199 STOP
200 END
201 320 DECOMPQOSE ptdll] = placeltn]
2 SET aplacel = TRANS(pt4(1], ptdl(2], 876, ptdald], ptdais], ptdal(EI)
2@5 330 IF (SIG(1R05)) OR (SIG(29)Y) OR (SIG(-1@@8) )" THEN
204 TIMER (2) = 0 |
@5 WALT ((SIG(-1005)) AND (SIG(10@6)) AND (516(-2392)) OR (TIMER(Z)
> 30)
206 IF (SIG(L10068)) AND (SIG(~-1005)) AND (SIG(-28)) GOTO 340
2Q7 GOTO 540
<98 END
205 340 SIGMNAL =25, =2007 ADEPT NOT CLEAR TO SEIKO
AR’ CSPEED 8@
211 AfCCEL 16@, bd
212 ;. FINE
213 MOVE aplacel
214 BREAK
215 ; PAUSE
1B SPEED 109
217 ACCEL 6@, 29
218 FINE |
218 35@ MQUES placeltn]
s PAUSE
el GOTO 358
200 BREAK
2 SPEED ((spdltnl*1@@)/SPEED(L)) ALWAYS

4,910,859
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cc4 ARCCEL acll{tnl, delltnl

225 DECOMPOSE plll] = placeltn]

226 off.x = @0.0254+C0S(15)

227 off.y = @,0254*SIN(15)

228 SET oxp.i = TRHNS(pl[l]+sxp[tn]*off.x, pliZ2]-sxpltnl*off.y, nl( 3],
nlidl, pilS], pliBl-rxpltnl)

229 ; SET oxp.l = TRANS(pl[!l+sxp*off.x, (plldl-sxpxoff.y), pll31, pli4],

pliS], pl{Bl+rxp)

230 SET oxm.! = TRHNS(pl[ll-sxm[tn]*eff.x, PllZ1+sxmlitnl*off.y, pll 3],
plfd4l, pllS], pllBl-rxmlitn])

231 SET oxm.l = TRANS((pll1]-sxmeoff.x), pllZ]+sxmeoff.y, pll31, pnll417,
nilS5]), pliBl+rxm)

232 SET oxp.2 = TRHNS(pl[1]+sxr[tn]*off.x, pllZ21-sxrltnl*off.y, pll3],
pll41l, pl{S], pliBl-r«xrltnl)

233  ; SET oxp.2 = TRHNS(pl[l]+sxr*fo.x, (pl[2]-5ar*oFf.y), pli 3], pli4],
pil5], plliBl+rxr)

234 SET oyp.!l = TRHNS(pl[l]+5yp[tn]*off.y, p1{2]+5yp[tnlioff.x‘ pli 31,
plli4], plIS), pllBl-rypltn]) |

238 SET oyp.!l = TRHNS(pl[l]+5yp*DFf.y. PIl21+sypsoff.,x, pil31, pll4l1, p
I{51, pil{Bl+ryp)

=36 SET oym.,l = TRHNS(pl[l]-sym[tn]*off.y, pllZ)-symltnleoff, x, pil37,
pli4l, pl(g], plIBI-rymltnl)

37 SET oym.1! = TRHNS((plfll—sym*off.y), (pl[EJ-Sym*Offm)1 al{3], pli4
I, pllS1, pl(Eltrym)

238 SET ovp.2 = TRHNS(QI[I]+5yr[tn]*0FF.y, pl[2]+syr[tn]*off.x, pil37,
pl{4}, pl[S], pliBl-ryr{inl)

239 SET oyp.2 = TRHNS(pl[1]+syr*off.y, PLIZ2+syreoff, . pll31, pll4]1, p
1051, pl{Gl+ryr)

240 MOVES oxp.1

241 MOVES oamMm,

242 MOVES oxp.?2
243 MOVES placeltn]

w44 MOVES ovyp. !

245 MOVES oym. !

2465 MOUES oyp.?2

2477 SPEED 100 ALWAYS

248 ; FINE

249 358 MOVES placeltn]

250 IF shritn] == | THEN

251 FINE

252 MOVES SHIFT(placeltn] BY v 3+ Sz21ltnl)

253 BREAK

254 STGNAL 29

255 | DELAY @.5

258 BREAK

257 SIGNAL -29

258 DELAY 0.5

258 BREAK

260 | END

26! MOUVE SHIFT(placeltn] BY vy Sz2itn])

2B¢ BREAK

263 560 SIGNAL 27 ;PART IN PLACE

b4 REACT (-1007), rel_clmp

265 SIGNAL -20, -21, -22, 23  OPEN GRIP

<Bhb DELAY 8.25

287 | SPEED 100

c68 ACCEL 60, 40

<bB9 MOVES aplacel

<79 SPEED 100

e ACCEL 8@, B0
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95 96
e 72 FINE
273 MOVE locl
274 BREAK
275 IF S16(2288) THEN
2176 SIGNAL 25 | ; ADEPT CLEAR OF SEIKO
277 ELEE
278 SIGNAL 2807
279 END
280 ; TYPE "TIME =", TIMER(1), /N
281 ~ SIGNAL -2@180
82 280 IF SIG(2009) THEN CYCLE STOP
283 6070 8Q0
284 END
285 ST GNAL *ES;*i*ii**i*ii!iti**i{*tDELETE
286 GOTO 200
97T e mm e e e e e e oSS e oo
288 ; FRROR SITUATIONS

289 500 WRITE (1) /B, /B, /B, “"+#* TIMEOUT WAITING FOR SEIKO #xs”
290 SIGNAL 201!

291 WAIT (SIG(-2011)) QR (516(2009))

29z IF SI1G6(-2011) GOTQ 330

23 IF SI1G(2006) GOTO 80U

Y7 B T P e e e e ———————

295 ;CYCLE STOFP |
296 B  MQYE locl

297 TYPE "DONE®

2398 PAUSE

2399 GOTO 100

0P jemmmmm e e m e mmm e T T T T T T S SCmm ST T T
301 .END

LISTP PC_CNTRL
| .PROGRAM pc_cntrl()

e
3 ADEPT PROCESS CONTROL PROGRAM
4 {676 - 4/16/85
5 WSP
- |
o 2 et b e
8 ; INITIALIZE
S SIGNAL -2002, -2003, -2004, -2005, -2006
19 SIGNAL ~2@07, -2008, ~-20@9, -2010, -£9011, 2012
11l SIGNAL -2%8, -30, -31, -34 RESET 8LT 1/0
< SIGNAL -¢ , PROTEUS NOT READY
13
T e
15 100 FIELD COMMUNICATIONS FOR RC PROGRAM
16 TIMER (5) = @
17 DO
18 UNTIL SIG(Z20@1L) == -1
19 IF TIMER(G) ™~ B@ THEN
A STOP
21 c0T0 104¢
s END
AN PROMPT "1", %gate
24 IF $gate == "PRO" THEN
25 GOTO 200
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97 98
26 ELSE
27 STOP
8 END
LG e e e e e e
50 150 WAIT 516(2003) OR SI1G(2004) OR SIG(2005) OR SIG(2Q11) OR SIG(ZBL1Z2)

[F SIG(Z002) THEN
~TYPE "#", an, "=1"
SIGNAL -20803

END

IF SIG(2004) THEN
TYPE "%", an, "=20", lst.disp, "/, lst.tube
SIGNAL -2004
60TO 150

END

IF SIG(Z2005) THEN
TYPE "#", an, "=3", /N
SIGNAL -2005

0 B (] ) G e ] GE N G
Jd — & (g DD - 3 N & I o—

™

43 END
44 IF SIG(Z@11)Y THEN
45 TYPE "#", an, "=5", /N
46 an,nxt,1st = an.nxt
i SIGNAL -2002
48 END
49 [F SIG(2@12) THEN
50 TYPE "#", an, "=4", /01, ":"., /N
61 SIGNAL -30, -28
P STOP
53 END
G4 220 PROMPT ":", an.nxt
55 IF an.,nxt > 4 THEN
56 ; STOP
57 END
C8 218 IF an.nxt > @ THEN
59 SIGNAL 2002
1% IF SIG(-2@06) THEN
651 GOTO 150
A - ELSE
63 GOTO 420
G4 END
BS END
656 CASE an.nxt OF
57 VALUE 9:
58 GOTO 200 |
69 VALUE -1: ' BOARD UNLOQAD
79 SIGNAL 2@06
71 G070 500
2 VALUE -2:  BOARD LOAD
73 SIGNAL 2006
74 GOTO 400
75 VALUE -3 . BOARD LOAD BYPASS
76 SIGNAL -2006, 2008
77 GOTO 420
78 VALUE -4:  CYCLE STOP
79 IF SIG(-2006) GOTO 500
80 SIGNAL 2008, -2008
81 6O0TO 60O
2 VALUE -5:  RETRY
83 SIGNAL (-2011)
84 WAIT SIG(-201@)



85
86
87
88
89
50
g1

3
r

33

94

95

96

g7

88

59
190
101
102
103
194
1905
106
197
188
129
110
111
1172
1135
114
115
115
117
118

410

425

118
c?
Lol

g Ry
i

123
124
125
126
127
128
129
139
151
152
153
154
135
136
137
138
1389
149
141
147
143

450

470
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99
TYPE "#", an, "=1"
an.nxt = an.nxt.lst
SIGNAL 20072
G0TO 210
ANY
TYPE "#", an.nxt, "=b&"
GOTO 200
END

; BOARD LOAD ROUTINE

SIGNAL 28, -3l

TIMER (B) = @

WAIT SIGC1003) OR (TIMER(B) > B)
IF SIG(10@3) THEN

GOTO 410

ELSE
TYPE "#", an.nxt, "“=9", /N
GOTO 200

END

STGNAL 32, -28

TYPE "#", an.nxt, "=1"

GOTO 200

TIMER (B) = @
WAIT SI6G(-1@12) OR (TIMER(H) » 4)
IF SIG(-1812) THEN
GOTO 450
ELSE
TYPE "& -2=8", /N
SIGNAL -32
PROMPT "“:", ans.bd.ld
IF ans.bd.ld == -2 THEN
SIGNAL 32
GOTO 420
ELSE

IF ans.bd.ld == -4 THEN
6070 210

ELSE
GOTO 4Z5

ENO
END

END
SIGNAL 5@
TIMER (5) = 0

100

L2 H_u“_-“_--‘—‘--_M‘“ﬂ___—#—___*ﬁ*“-‘——___“_—__—_“-——_—*-—_"__—

EEER I EXE

WAIT ((SI6G(-19151)) AND (SIG(-1Q@16))) OR (TIMER(S) . 3)

[F TIMER(S) > 35 GOTO 47¢

- SIGNAL -22, -Z2@@&, 2008

IF SIG(2e@7) THEN
SIGNAL 25, -~-20@7

END

IF an.n«t <> -3 THERN
GOTO 150

ELSE
TYPE "# 5=1", /N
GOTO Z2@4

END

SIGNAL -32, -3@

TYPE "#", an.nxt, "=4"

TYPE "TOOL CLAMPS DOWN LIMIT SWITCH"

STGNAL 20085
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101 | 102
144 SIGNAL -30, -Z8
145 STCP
146
{47 §mm e e e e e e e e e e  n  m
148 S IF SIG(1081Z2) AND SIG(-30) GOTO 520 ; IF NO CURRENT BOARD
1489 WAIT SIG(-2010) ”
150 SIGNAL 2b
151 WAIT SI16(-1803) |
162 SIGNAL -30, 31 TOOL PINS UP & REY CONVEY(QOR
153 SIGNAL -2008  SIGNAL TO RC PROG TO HOLD SEIKO
154 TIMER (B) = @
155 WAIT SIG(I01@)Y OR (TIMER(BE) » 4) ;CLEAR T0O UNLOCAD BOARD
156 IF SIG(101@) THEN |
157 GOTO 510
158 El SE
1585 TYPE "#", an.nxt, "=7", /N
160 G070 200
161 END
162 1@ TIMER (§5) = @
163 WAIT ((SIG(-1013)) AND (SIG(-1014))) OR (TIMER(S) > 3)
164 IF TIMER(S) > 3 60TO 530
165 SIGNAL 27
166 TIMER (§) = 0
167 WAIT TIMER(S)Y > Z
168 SIGNAL -32, -Z
169 IF an.nxt == -4 THEN
17@ SIGNAL 2009, -2008
171 GOTO 6@
172 END
173 520 TYPE "#", an.nxt, "=1"
174 G070 200
175 S3Q TYPE "#", an.nxt, "=4"
176 SIGNAL (2029)
177 TYPE "TOQOL CLAMPS UP LIMIT SWITCH®
178 STOP
179 5
{80 ;-----—------TTSSssossssosSoooSoomooTTEmmTTEmmmmmTTTTTTTTT
181 50@ ; PROGRAM END
182 cIGNAL -30@, -32, -31, -¢
183 TYPE "#", an.nxt, "=1", /Cl, "*°
184 ,END

LISTP PC P TEACH

1 .PROGRAM teach()

3 ADEPT POINT TEACHING PROGRAM

4 iETE - 5/:385

= CHAD INDUSIRIES

6 WSF

72T ettt e
g SIGNAL 24

g DELAY 3.2

10 BREAK

11 SIGNAL -24

12 19 ATTACH ({, @)

13 JRITE (1) " +* WARNING GUARDZONE DISABLED +°

14 DETACH (@)
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103 104
key.l =
ey,
key.
key.,
kay.9 =
key.1@ = @
key.ll = @
taught = @
MEYMODE 4, 5§ = |
EYMODE 9, 11 = 1
<EYMODE 8 = 1, 0

TOOL tt10 |
20 WRITE (1) "TEACHING DISPENSER »", /S

READ (1) dspnsr
JRITE (1) /B, /CLl, " TUBE >", /S
READ (1) tube
JRITE (1) /B, /C2
WRITE (1) "DISP>", dspnsr, " TUBE>", tube
KEYMODE 2 = 1§, !
WRITE (1) /7X18, "TEACH.,.PICK", /S
40 IF PENDANT(2) == @ THEN

IF key.Z2 <> 1 THEN

1
= @
= @

%
%

O Ul ~ o

pick.ind = 12*dspnsr+tube
TOOL tt10

HERE pickipick.,ind]

TO0L ttl!

TYPE "PICKL", pick.ind, "1 TAUGHT", /B
KEYMODE 2 = @

bey,Z2 = | |
WRITE (1) /7C2, /X18B, "TEACH.......... . PLACE",
KEYMODE 1 = 1, |
key.1l = 0
END
END
S0 IF PEMDANT(L) == @ THEN
IF key.l <. 1 THEN
place.ind = !2*dspnsr+tube
HERE placelplace.ind]
TYPE "PLACEL", place.ind, "] TAUGHT", /B
KEYMODE | = @
Feyv.l = 1
END
END

60 IF PENDANT(S) <> key.8 THEN
bey.9 = PENDANT(S9)
IF PENDANT(8) THEN
SIGNAL 17
TOOL ttld
- ELSE
SIGNAL -17
TOOL ttle
=N
END
IF PENDANT(10) <> key.1@ THEN
key.10 = PENDANT( @)
[F PENDANTC(10) THEN
SIGNAL I8
ELSE
SIGNAL ~18
END

/5



75
76
77
78
79
30
81

L
83
84
85
86
87
88
89
30
91
92
93
94
95
36
97
98
39

100

191

102
103

104
195
196
1Q7
108
199
110
111
112
113
114
115
116
117
118

1189
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80

10@

129 .END
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END
IF PENDANT(C11) <> key.11 THEN
Ley. 11l = PENDANT(11)

IF PENDANT(11) THEN
SIGNAL 1S
ELSE
SIGNAL -19
END
END
IF PENDANT(S) <> key.5 THEN
key.5 = PENDANT(S)
IF PENDANT(S) THEN
SIGNAL -23, 20, 22
ELSE
SIGNAL -20, -21, -22, 23
END -
END .
IF PENDANT(4) 4> key.4 THEN
key.4 = PENDANT(4)
IF PENDANT(4) THEN
SIGNAL -23, 21, 22
ELSE
SIGNAL -2@, -21, -22, 23
END
END
IF key.!l == 1 THEN
- IF key.2 == | THEN

IF taught == @ THEN
WRITE (1) /C2, "PART TAUGHT*, /B
taught = |
END
END
END
[F PENDANT(8) <> -1 THEN
6070 49
ELSE
¢O01T0 8¢
END

WRITE (1) $CHR(12), "TEACH ANOTHER PART

dir = PENDANT(Q)

IF dir == 53 THEN
GOTO 1@

ELSE
IF dir == 54 THEN

GOTO 100
ELSE

GOTO 80
END
END
BREAK
DETACH (1)
ATTACH (0)
TOOL til@
TYPE "DONE"

106

yes/no)?"
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LISTP MOUESAFE
I .PROGRAM movesafe( )

P HERE present

3 DECOMPOSE pll] = present

4 radl = SQRT(SOR(p[llJ+SQR(p[2]))'

5 [F (radl < B00) OR (pl1] < -370) THEN

G GOTO 20

7 ELSE

8 GOTO 30

. END

19 20  SET new! = TRANS(pl[11, pl21], 876, pl4l, pl51, p(B1)
11 GOTO 48

172 30 di = B76-pl3]

13 rads = radl-dl

14 s{l] = plll*¥radl/radl

15 s{Z2] = plll*rad2/radl

16 SET nmewl = TRANS(s[1], s(21], 876, pl4l, plS1, plBI)
17 GOTO 40

18 40 rad3 = 400

19 s{1] = plll*rad3/radl
2@ s{Z]) = pl2l*rad3/radl
¢ | SET news = TRANS(s[11, s[21, 876, pld4], plSI, pliB])
22 SPEED 10
3 MOVES newl
24 MOVES new?
25 BREAK
26 slenNAL -17, -20, -21, -22, 23, -18, -19
27 HERE #nouw
28 DECOMPOSE qll]l = #nouw
29 IF ql2] » @ THEN
50 GOTO 50O
3 ] ELSE
52 MOVE locd
33 MOVUE loc3
54 RIGHTY
55 cO0TO 5@
36 END
37 50 MOVE loc!
38 LEND

LISTE CLMPON

1 .PROGRAM clmp on( )
SIGNAL 29
WAIT SIG(1008)
REACT -100@7, rel clmp
REACT -1202. ¢!
RETURN

MmES  on

Mr

~] O Uy &~ Wy r)

. END

.LISTP REL CLMP
| .PROGRAM rel clmp()

2 _____________________________________________________________________
3 CLAMP RELEASE SUBROUTINE FOR APP PROG

4 SIGNAL =27

= RETURN

E ____________________________________________________________________



20100
00110
00120
00130
00140
00150
00160
00170
00180
20190
00195
20200
20210
Q0220
00230
20240
00250
00260
00270
00280
00299
0000
20310
00320
00325
00328
00330
20340
00350
00360
00370
00380
00390
00400
00410
00415
00420
PP4CS
00426
00430
00437
00435
00440
20445
00450
00455
004650
00470
00480
20430
00500
00510
00520
00530
00540
Q0542
00545
Q0546

109 110
- APPENDIX C

' J1676
'ECA 101, N.T.L., PROTEUS
'CHAD INDUSTRIES, ORANGE, CA.
'*SAS
'TQ = 395.675 0. 0. 0. *+++HOME LENGTH BEFORE 100 MM SHIFT
7300 = @. 0. Q. Q. 'APP. PT. TO T2 (T306 *» -6)
T305 = 0. Q. 0. Q. '-Y APF, PT, TO TL (T306 * H)
T306 = Q. @. 1. @. ‘-> APP. PT. FACTOR
T311 = 4. -1. 0. Q. ‘-5 A=
T312 = -4, 1. 0. Q. ' A=2
T313 = 1. 4. 0. Q. '-35 A=3
T314 = -1. -4, Q0. Q. '-> A=4
1320 = 0.2 0. ¢. Q. '-> B=1
T321 = -2.2 @. ©. Q. ‘- B=2
T322 = 0. 0.2 0. ©. '-3 B=3
T323 = 0. -0.2 0. Q. '-> B=4
17325 = 0. 2. 2.5 Q. '-> CENTER
T330 = 2.4 0. 0. Q. '-> ORBIT
7731 = @. 0.4 9. Q. ‘~> ORBIT
T332 = -0.4 0. 0. 0. '~> ORBI
T333 = 0. -0.4 0. Q. '-> ORBIT
T350 = 500. 0. @. Q. 'sx2> BEC POINT -- WILL NEED TO CHANGE
T383 = 0. 0. 10. Q. '-> APPROACH PLACE FOR TEACHING
T384 = 0. 0. 2. Q. '-> STARTING PT. FOR SEARCH MOVE
7385 = 0. @. -5. 0. '-> DIST. QF SEARCH MOVE
T386 = 0. 0. -4. 0. '-> DIST. FOR MQUE TO CLINCH POSITION
KEY 1 “HOME"
KEY 2 "START 10Q-
KEY 3 “START 7000 ' QPEN"
KEY 4 "START 71@0 ' CLOSE"
KEY § "START 7200 'RELEASE PART"
A=Q:8=0:C=0:6=0:H=0:1=0:N=0:0=0:P=0:R=0:5=0:T=0: =0
QUTPUT +0EQ 200
QUTPUT -0E12 -0E13 -0E!4 -0EB -QE7
QUTPUT -0EL -0E2 -0E3 +0E4 ~0ES -0E6 'OPEN,FREE & CENTER GRIP
DELAY 5@0@:Q0UTPUT -0E4
SPEED 300: SHAVE: NOSYNC
OUNIT @:PRINT "INITIALIZED"
7=78
OQUNIT 1:IUNIT |
STOP
MOVE T@
PRINT "# Q-READY"
STOP
e MAIN PROGRAM= === s e e e e e
&
'OUNIT @:PRINT “N- ";N:0QUNIT 1
IF N¢:-1 THEN S55 ELSE G546

4,910,859
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00550 OQUTPUT -0kl -0tZ -OE3 +0E4 -0ES -0E6 'OPEN,FREE & CENTER GRIP
Q0557 DELAY 300

Q@555 QUTPUT -0E4

PAS6Q IF U0 THEN EB8

Q@570 FOR I=1 TO 20000

QASRQ IF IE1Z2=1 THEN B20 '3 ADERT CLEAR
A58 NEXT 1
PRGQ0Q PRINT “# " ;N; "=8" '-> ADEPT NOT CLEAR

V06109 5210 518

Q060 OUTPUT -0OEL4

QO6LS FOR I=! TO 10000

Q06350 IF IEld=1 THEN B85 '-> PART IN PLACE
206409 NEXT I

Q0642 IF U=@ THEN B50@
Q0645 U=8: RETURN
20650 PRINT "# " iN; "=8" '=> PART NOT IN PLACE

PA6EQ GOTO 510

Q0665 IF JE12=0 THEN 579 |

Q@668 QUTRPUT +0ES | '~ CLAMP PART

Q070 QUTPUT +0ELS '-> SIEKO IN COMMON ZONE
QRB7S T305=T30G+(~1%H)

POE80 MOVE T1+T505

068 IF U=1 THEN RETURN

@680 OUTPUT -0kS -0OE4

Q700

03720 IF A=1 THEN MOVE TI1+T311

QA730 IF A=2 THEN MOVE T1+T312

P@74@ 1IF A=2 THEN MOVE T1+T313

00750 IF A=4 THEN MOVE T1+T7314

PR760 IF IG@~>1 THEN 780 '-> TACTILE SENSOR CHECK
Q785 IF R=] THEN 5000 ' CHECK ONLY TWICE
QQ76B R=1:60T0 E8BO

QR77¢

Q0780 'QUTPUT -0EB '~> ORIP CENTERING RETRACT

07390 'MOVE TI
P080Q IF P=2 THEN 825

20805 QUTRUT +0OEG:DELAY 52

AO81Q QUTPUT -0E1 +0E2 +0E3 '-> CLOSE GRIP: PRESSURE |
30815 MOVE T1:DELAY S@0:0UTPUT +0ES

2820 DELAY 50 GOTO 850

09825 QUTPYUT +0EG:DELAY 50

?Q33@ QUTPUT -0E2 +0El +0E3 '-> CLOSE GRIP: PRESSURE 2
0835 MQOVE T1:DELAY 550:0QUTPUT +0ES

0837 DELAY 5O

00840 °

POB5@ OUTPUT ~-0ES:DELAY 50

@@855 IF I1G61=1 THEN 5000

P0850 QUTPUT +0E13

20875 MOUE T1+T3Q%

P@880 IF 1G1=1 THEN 50@0

00882 IF IEL14=0 THEN OUTPUT -0E!3

P0883 1F G=0 THEN G=-75

Q0884 T300=TI06*(-1+G)

P@88S MOVE T2+T300

00890 IF 1E14=0 OR U@ THEN 915

@Q900 FOR T= 1 TO 10000 '-> WAITING FOR ADEPT TO
00901 IF IE14=Q THEN 915 ' ACCEPT PART GONE
@0922 NEXT T:0UTPUT -0EZ +0E1 -QE2 +0E4

Q0303 DELAY 100: MOVE T1+T305 T

Q0904  IF U=0 THEN 906




Q@905
Q0806
Q03915
RS0
2Q3827
00924
009350
RAS54
QY955
223540
L2360
0e970
0oS80
V0350
010009
01210
0100

01630

01840
01050
01060

Q1065
@173

01289
01030
21100
Q1110
B1115
21120
QL1125
21150
01155
01140
01145
01150
Q1155
01164
B1175
01180
2119
21200
01210
0122

@12

21230
01240
21250
01260
012708
01280
1299
B1300
21210
01520
1322
01325
01330
Q15352
31335
012540
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U=16:RETURN

GOTO 600 'ADEPT NOT CLEAR
OUTPUT -0E12 | '-> SEIKO OUT OF COMMON ZONE
SPEED 300

IF U=2 THEN MOVE T2+T383

IF U=2 THEN RETURN
MOVE T2+T384
SPEED 15

IF 16@=1 THEN 360
SEARCH +1G@ T2 THEN 960 ELSE 1110

SPEED 150 '-> TACTILE SENSE ROUTINE
MOVE T2+T305

SPEED 250@: MOVE T2+7325: SPEED 300

FOR $=33@ TO 333 '-> LOOP FOR ORBITAL ROUTINE
MOVE T2+T325 T2+T32G5+T(S)

NEXT S

MOVE T2+T325 ,
SPEED 30@: IF IGR=1 THEN 1050 '->CHECK TACTILE SENSOR
SEARCH +I6@ T2 THEN 1250 ELSE 111¢

SPEED 300

MOVE T2+7300

IF U=0 THEN 1080
U=15:0UTPUT -0E! -0E2 -O0E3:RETURN

PRINT "“# " ;N; "=0" '-> VALUE FOR BEC

MOUE T2+47305: GOTO 510

GOTO 510

IF U=7 THEN RETURN
OUTPUT -0ES

SEARCH +I1GQ@ T2+T385 THEN 1150

SPEED 150:-MOVE TZ2+T305 T0
[F U=@ THEN 1140
U=13:0UTPUT -0&1 -0OE2 -0E3: RETURN

PRINT "# " ;N; "=9°" '=> NO TACTILE INPUT; CLINCH POSITIO
GDTO 510

HERE T398

SPEED 15@: MOVE T388+T7386

OUTPUT +0ES

[F U-@ THEN 1240

QUTPUT +0EQ -, '=> SIGNAL TO CLINCH

FOR J= 1 T0 10000
IF IEl=1 THEN 1240 '-=> SIGNAL FROM CLINCH - DONE
NEXT J

C=7:PRINT “% "iN;"=7" "-=> NO SIGNAL FROM CLINCH
IF IEL13=1 AND IE14=0 THEN OUTPUT +0E14

QUTPUT -0QE® '-> CLINCH SIGNAL OFF

OUTPUT -0E3 -0EZ -0El: DELAY 5@ '-> FREE GRIF

SPEED 300

IF B=1 THEN HMOUVE T(2)+73

IF B=C THEWN MOVE T(2)+T3
{F B=3 THEN MOVE T(2)+T3:
IF B=4 THEN MQUVE T(2)+T3z
MOUE T(Z)+T7300
OQUTPUT -0kl -0EZ -0E3 +0E4 -0OES -0OEE '-> QPEN GRIP

IF U@ THEN RETURN

IF C{>@ THEN 134@ |
PRINT "# " ;N; "=1" '~; SIGNALS CYCLE COMPLETE
OUNIT @:PRINT N:"DONE":QUNIT 1

IF IE13=1 AND IE14=Q THEN OUTPUT +0E!4
C=0:60T0 510

B N AN B
Do &

o
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‘ * BEC ROUTINE =

MOVE T@ T350

OUTPUT -0El -0E2 -0E3 +0E4 '-> OPEN GRIP: DUMP PART
MOVE T@

GOTO 510

3

R GRIP CHECK--—==—meev

? MOVE TIi+T305 70

IF U=0 THEN 5040
U=12:0UTPUT -0El -0E2 -0E3 +40E4 -0ES -0EE
RETURN
PRINT “# " N; "=2° "> NO PART FOUND
GOTO 510

ra

R KEY 3 - OPEN GRIP--====-mmme
OUTPUT -0E! -0E2 -0E3 +0E4: DELAY 500
OUTPUT -0E4 -0OES -OEG

KEY 3 "DO QUTPUT -0ES -QEB"

'RETURN

------------- KEY 4 =~ CLOSE GRIP~-~=mmmmm-

. OUTPUT -0OE4 +QEB:DELAY 200
-

OUTPUT -0E1 +0E2 +0E3: DELAY 400 o
OUTPUT +0ES |

KEY 3 "START 7000 ' OPEN"

"RETURN |

END

e KEY 5 - FREE GRIP--—==m-=m- -
QUTPUT -0E1 -0E2 -0E3

'RETURN

END

e e i I e, T ———————_—-ﬁ————l——i———-—-—_u———-—--——-u-—-_——- —-u———_—n—p—.ﬂ——n-—“_—--__q_
L R T

’ TEACH PROGRAM
I'1=430. 300. 0. -G60.
H=0

U=1:0UTPUT -0Eil4 -0EL3
OUNIT @:TUNIT @

KEY 2 "START 10110"
GO05UB BBE

IF U<>1 THEN 191Z2@
PRINT " F2 <ENTER> TO RECORD PICK-UP POINT"
STOP

HERE T1

KEY £ "START 100"

" 5:‘1 L[ {\Jr I T 1_ : I {_,.'I r‘wj I T 1

[F U=1 THEN PRINT T1I

I[F U=8 THEN PRINT "CLAMP MALFUNCION, RESTART PROGRAM"
STQOP

12=50¢. . -5@. 2.
G=-50

U=2:0UTPUT -0E14 -0E13
QUNIT @:IUNIT @



10240
10250
19260
18270
102380

10290

10300
10510
105382
190340
10359
1036@
10372
10380
12400
10600
10610
10620
19830
10640
1 2650
10660
10670
10675
19680
10630
10720
10710
10720
10730
190740
13750
10760
10800
10810
10815
12820
12850
10840
15000
15019
15020
15825
15030
1540
15050
15@6@
15070
[ 5282
15850
15100
15110
15120
29000
20010
20015
20020
20230
20040
20050
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KEY 2 "START 10290"
GOSUB 55@

IF U<>2 THEN 10300

PRINT " F2 <ENTER> TO RECORD INSERTION POI
STOP

HERE T2

KEY 2 "START 100"

'"MOVE T2+T300

OUNIT 1:IUNIT |

IF U=2 THEN PRINT T2

IF U=12 THEN PRINT “NO PART FOUND AT PICK-

[F U=18 OR U=8 THEN PRINT "CLAMP MALFUNCTI
STOP

'BEC TEACHING
U=4:0UTPUT -0E14 -QE13
GOSUB 55¢

IF U=4 OR U=7 THEN 1067¢

IF U=12 THEN PRINT “NO PART FOUND AT PICK-

IF U=15 THEN PRINT "BAD INSERTION POINT®

118

NT™

UP POINT"
ON, RESTART PROGRAM"

UpP "

IF U=16 THEN PRINT "CLAMP MALFUNCTION, RESTART PROGRAM"

IF U=19 THEN PRINT "IMPROPER TACTILE SENSI
IF U=7 THEN GOTO 10720

STOP
GOTO 100

U=7:0UTPUT -0E14 -0E13
G070 10610

OUNIT @:IUNIT @

STOP

OUNIT 1:TUNIT 1

STOP

U=5

SPEED 150
T200=T306*(-12G)
GOSUB 1240

SPEED 300

STOP |
QUTPUT +0ES:DELAY 100
QUTPUT -0ES -0ESB

MOVE T278

OUTPUT +0EB:MOVE T275:DELAY 1Q0
GOSUB 7100

QUTPUT -0ES

DELAY 100

MOVUE TZ276

DELAY 002

(AN Tame

MLV A |

GOSUB 7200

GOSUB 7000

"MOVE T275

STOP:GOTO 15000

"#x%% TESTS *#x%»

WAIT -IEl .

PRINT "BUSY-IELl=":PRINT IEI
DELAY 2000

OUTPUT +0EQ 800

WAIT +IE!

PRINT "COMPLETE-IELl=":PRINT IE1

NG AT CLINCH POINT"
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119
GOTO 20000

OQUTFUT +0E13

WAIT -1E14

QUTPUT -0QEL3

QUTPUT +0E7

WATIT +1G63
DELAY 1029
WAIT -1G4
QUTPUT -0&7
WAIT +IGZ
DELAY 1000
OUTPUT +0E3 +0E!
DELAY 1000
QUTPUT -0E3 -0EL
DELAY 100Q
CUTPUT +QE4
DELAY 3@0
CUTPUT -DEA4
GO0TO0 30009
450, Q. @,
588.366 ZB5.786 -23.
590.961 -178.858 -1072.
2. Q. 0.
395.675 2. -120.
595.677 189.897 -120.
595.687 -569.885 ~129.
Q. -89, O .
5325.885 347.838 -24
035.895 347.638 -17
555.8385 347.8538 -19,
537.622 347.129 -~23.
444,048 257.881 -10.
084,244 286.832 -¢
478.161 -140.841 -107.
S588.365 285.786 -23.
0. Q. 102.
0. Q. 23,
2. 2. 1.
4, -1, 0.
-4, L. Q.
b, 4, Q.
-1 -4 2.
. 2 U Q.
Q. ¢ . 2.
d . Q.7 Q.
Q. -9 .2 2.
d. Q. c .
J.4 Q. Q.
2. g.4 Q.
-0.4 Q. Q.
Q. -0.4 Q.
500. Q. 2.
. 2. 10,
Q. 0. 2.
. 0. -5,
0. 0. ~4
580.961 -173.858 -1¢53.

GO0TQ 25000

, 0B
.04

2
1 96
836

. 352

c44

896

4,910,859
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. 553
.5b3
881
. 038
Q72
. 185

120



4,910,859

121

What is claimed is:

1. A system for active clinching of component leads
after insertion thereof from an upper side of a circuit
board and through apertures in the board to extend
from the lower surface thereof, comprising:

a clinching element for contracting and bending said

leads;

means for driving said clinching element through a

programmably determined path of travel substan-
tially within a plane adjacent said lower surface in
response to control signals to contact and bend one
or more leads of said component adjacent said
lower surface of said board;

programmable controller means adapted to provide

control signals to said drive means so as to pass said
clinching element through a programmably deter-
mined sequence of movements substantially within
said plane to contact and bend one or more leads of
said component to secure said component in 1its
inserted position, and wherein the clinching ele-
ment effects the bending of a lead by running into
the lead during the course of its programmably
determined travel.

2. The system of claim 1 wherein said clinching ele-
ment comprises a rounded clinch tool whose size 18
proportioned in relation to the component lead size and
spacing so as to provide the capability of clinching a
single component lead during a clinch movement.

3. The system of claim 1 further comprising means for
positioning said clinching element at a clinch position
directly adjacent the lower surface for contacting and
bending said leads, or at a retracted position disposed
well apart from the lower surface so as to not contact
downwardly extending leads.

4. The system of claim 1 wherein said drive means 1s
adapted to programmably drive said clinch element in
lateral and longitudinal directions within said plane, and
said drive means comprises a first drive means for driv-
ing said clinch element in the lateral direction, and a
second drive means for driving said clinch element in
said longitudinal direction.

5. The system of claim 4 wherein said first and second
axis define said plane which is substantially parallel to
the lower side of said printed circuit board.

6. A robotic component insertion system for assembly
of electrical components to printed circuit boards, com-
prising:

an insertion station for securing at least one circuit

board in a predetermined board position;
programmable insertion robot means for gripping
said components and inserting them into predeter-
mined locations in said circuit board; and
clinching means for clinching one or more leads of
the components after said leads of each component
have been inserted from a first side of said board
through apertures in the board to extend from a
second surface thereof, comprising;: |
a clinch element for contacting and bending said
leads;
programmable drive means for driving said clinch
element through a programmable clinch move-
ment sequence substantially within a plane adja-

cent said second surface in response to control
signals for blending at least one lead of the in-
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serted component as it is gripped by the robot
means in the inserted position; and
programmable controller means for providing con-
trol signals to said drive means so as to pass said
clinching element through a programmably deter-
mined sequence of movements substantially within
said plane to contact and bend one or more leads of
said component to secure said component in its
inserted position, wherein the clinching element
effects the bending of a lead by running into the
lead during the course of its programmably deter-
mined travel.

7. The invention of claim 6 wherein said programma-
ble drive means comprises first means for driving said
clinch element throughout said programmable clinch
movement sequence in said plane disposed substantially
parallel to and adjacent said second surface of said cir-
cuit board, and said second drive means for selectively
extending the clinch element from a retracted position
in relation to said second surface of said circuit board to
a clinch position directly adjacent said second surface
for contacting and bending said leads.

8. The invention of claim 6 further comprising a com-
ponent presentation station, and wherein said robot
means comprises means for sequentially gripping com-
ponents presented at said presentation stage and insert-
ing such components into the printed circuit board at
predetermined locations.

9. The invention of claim 8 wherein said programma-
ble robot further comprises an end effector attached to
a robot arm for gripping such components, the end
effector comprising:

(1) gripping means for gripping such components; and

(il) compliance means for coupling said gripping

means to said robot arm, said compliance means
selectively operable in a first state wherein the
location of said gripping means is movable through
a predetermined range of movement with respect
to the robot arm and in a second state wherein the
lateral location of said gripping mechanism is sub-
stantially fixed with respect to said robot arm.

10. The invention of claim 6 further comprising a
transport means for transporting a printed circuit board
to said insertion station and locating said printed circuit
board at a predetermined location with respect to said
insertion robot means.

11. The invention of claim 10 wherein said transport
means comprises a motor driven conveyor system
which is adapted to convey said circuit board to said
insertion station in response to motor drive signals.

12. The invention of claim 11 further comprising
central controller means adapted to control the opera-
tion of said transport means, said insertion robot means
and said chnching means.

13. In a component insertion system, the improve-
ment comprising:

component feeder means for storing a plurality of

components; |

robot means for sequentially picking up components

from said component feeder means and delivering
said components to a presentation station, said
robot means comprising a robot controller for con-
troiling the operation of said robot means;

lead straightening plate disposed at said presentation

station, said plate having an opening pattern de-
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fined therein in correspondence with the lead pat-
tern of the component;
said robot comprising means for inserting the compo-
nent leads into said opening pattern of said plate,
and thereafter, with said plate fixedly positioned,
moving the component body through a predeter-
mined series of oscillatory movements so as to
respectively exercise the component leads to sub-
stantially straighten the leads.
14. The invention of claim 13 wherein said opening
pattern formed in said lead straightening plate 1s
adapted to accommodate the respective lead patterns of
a plurality of component types.
15. The invention of claim 13 wherein said robot
means 1s adapted to select one of a plurality of types of
components available at said feeder means, and wherein
said series of oscillatory movements 1s adapted to the
selected type of component.
16. The invention of claim 13 further comprising
cutting means for cutting the leads of the selected com-
ponent to a predetermined length.
17. The invention of claim 16 wherein said cutting
means comprises:
a shear plate disposed in sliding relation with said
straightening plate, said shear plate including an
opening pattern corresponding to the opening pat-
tern formed 1in said straightening plate;
means for disposing said shear plate in an aligned
position relative to said straightening plate so that
the corresponding hole patterns in each plate are
aligned;
means for exerting a sliding shear force on said shear
plate so as to shear the component leads extending
into the opening pattern formed in said shear plate.
18. A robotic component insertion system, COmpris-
Ing:
an nsertion station;
circuit board transferring and locating system for
transferring a circuit board to said insertion station
at a predetermined reference position;
a component presentation station;
a plurality of component feeder devices for feeding a
plurality of types of components;
presentation robot means for sequentially selecting
predetermined ones of sald components from said
feeder devices and delivering the selected compo-
nents to said presentation station;
insertion robot means for sequentially picking up said
selected components at said presentation station
and inserting said selected components at predeter-
mined locations on said board: and
active clinching means for clinching leads of said
selected components to said board after insertion of
sald leads through an aperture pattern in said board
to extend from a surface of said board, said means
comprising:
an active clinching element for contacting and
bending said leads;

programmable drive means for actively driving
said clinch element through a programmable
clinch movement sequence substantially within a
plane adjacent said board surface in response to

control signals for bending at least one lead of

the inserted component as it is gripped by said
Insertion robot means in the inserted position;
and

programmable controller means adapted to pro-
vide control signals to said drive means so as to
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pass said clinching element through a program-
mably determined sequence of movements sub-
stantially within said plane to contact and bend
one or more leads of said component to secure
said component in its inserted position, wherein
the clinching element effects the bending of a
lead by running into the lead during the course
of its programmably determined travel.

19. The system of claim 18 further comprising lead
straightening means for straightening the leads of said
selected components before insertion into said circuit
board.

20. The system of claim 19 further comprising cutting
means for cutting the leads of said selected components
to a predetermined length prior to insertion in said cir-
cuit board. '

21. The system of claim 18 further comprising pro-
grammable system controller for controlling said pre-
sentation and 1nsertion robot means and said clinching
means.

22. The system of claim 21 wherein said system con-
troller means comprises memory means for storing data
representative of the components to be inserted into
said board, the sequence in which said components are
to be inserted and the respective positions at which said
components are to be inserted.

23. The system of claim 22 wherein said system con-
troller memory means is further adapted to store clinch
data for the respective components to be inserted in said
board, said clinch data including data defining the pre-
determined clinch system movement required to clinch
the leads of such components.

24. The system of claim 22 wherein said memory
means further comprises data indicative of the positions
of the respective feeder means.

25. In a robotic component insertion system for in-
serting in circuit boards a plurality of different types of
electrical components having at least one lead depend-
ing from the component body, wherein the system in-
cludes an insertion station, a presentation station, a plu-
rality of component feeder devices disposed at predeter-
mined locations, a presentation robot for sequentially
selecting predetermined ones of the components from
the feeder devices and delivering the components to the
presentation station, a lead straightening plate disposed
at the presentation station having an opening pattern
defined therein in correspondence with the lead pattern
of the respective components, and an insertion robot for
sequentially gripping the selected components at the
insertion station and inserting the selected components

.at predetermined locations on the circuit board, a

method for inserting said components into said circuit
board, comprising a sequence of the following steps:
securing the printed circuit board at said insertion
station;
using the presentation robot to sequentially select
predetermined components from said feeder de-
vices and present the selected components to said
presentation station, insert the leads of the compo-
nent in the corresponding openings of the lead
straightening plate, move the component body
through a predetermined series of oscillatory
movements with the leads so inserted so as to re-
spectively exercise and thereby substantially
straighten the component leads, and thereafter
release the component at said presentation station:
using the insertion robot to sequentially pick up said
selected components at said presentation station in
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coordination with said presentation robot means,
and thereafter to insert the selected component at a
predetermined location in the board; and

actively clinching the leads of the inserted compo-

nent while gripped by the insertion robot.

26. The system of claim 3 wherein said means for
positioning said clinching element comprises means for
extending and retracting said element along a clinching
axis extending substantially perpendicular to said lower
surface, and wherein said positioning means is con-
trolled by said programmable controller means.

27. The system of claim 26 wherein said positioning
means comprises a cylinder and piston assembly, said
assembly mounted for piston travel along said axis, and
said clinching element being carried by said piston.

28. The system of claim S further comprising means
for positioning said clinching element at a clinch posi-
tion directly adjacent the lower surface for contacting
and bending said leads, or at a retracted position dis-
posed well apart from the lower surface so as not to
contact downwardly extending leads.

29. The system of claim 28 wherein said means for
positioning said clinching element comprises means for
extending and retracting said element along a clinching
ax1s extending substantially perpendicular to said lower
surface, and wherein said positioning means is con-
trolled by said programmable controller means.

30. The system of claim 29 wherein said positioning
means comprises an cylinder and piston assembly, said
assembly mounted for piston travel along said axis, and
sald clinching element being carried by said piston.

31. The system of claim 1 wherein a computer pro-
grammed with data defining the particular movement
sequence through which said clinching element is to be
driven for a particular circuit board and the particular
components to be inserted in said board.

32. The system of claim 5 wherein said drive means
COmpIrises:

an upper carriage assembly supported for lateral

movement by a lateral support element having first
and second ends;

first and second opposed longitudinal support ele-

ments;

first and second lower carriage assemblies, said first

end of said lateral support element mounted in said
first lower assembly and said second end of said
support element mounted in said second lower
assembly:

said first lower carriage assembly carried for longitu-

dinal movement on said first longitudinal support
element:

said second lower carriage assembly carried for lon-

gitudinal movement on said second longitudinal
support element;

said first drive means for driving said upper carriage

assembly in said lateral direction along the lateral
extent of said lateral support element; and

said second drive means for driving said first and

second lower assemblies in said longitudinal direc-
tion along the longitudinal extents of said longitudi-
nal support elements.

33. The invention of claim 17 wherein said means for
exerting a sliding shear force on said shear plate com-
prises a pneumatic cylinder and piston assembly.

34. The system of claim 18 wherein said presentation
robot means is capable of controlled movement along
each of the orthogonal X, Y and Z axes, and said com-

ponent feeder devices comprise a plurality of tube feed- -
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ers, each for storing a plurality of components having
in-line leads and presenting one of said stored compo-
nents at a corresponding feeder pickup location which
1s directly accessible by said presentation robot indepen-
dent of the others of said tube feeders.

35. The system of claim 34 wherein said tube feeder
devices are disposed at an angle with respect to the
horizontal to provide for gravity feeding of successive
components therefrom, and said tube feeders each fur-
ther comprises a retaining means for retaining the next
available component at said pickup location until said
feeder device is accessed by said presentation robot.

36. The system of claim 35 wherein said presentation
robot comprises an end effector having a pair of grip-
ping jaws, and means of controlling the attitude of said
jaws relative to the horizontal to a first attitude aligned
with said tube feeder for gripping said components at
said pickup locations and to a second attitude aligned
with the horizontal to deliver said components to said
presentation station. |

37. A robotic component insertion system, compris-
Ing:

an insertion station at which a circuit board is located:

a component presentation station;

a plurality of component tube feeder devices for feed-
ing a plurality of types of components, each for
storing a plurality of components having in-line
leads and presenting one of said stored components
at a corresponding feeder pickup location which is
directly accessible independent of the feeder loca-
tions of the other tube feeders:

presentation robot means comprising means for con-
trolled movement along each of the orthogonal X,
Y and Z axes for sequentially picking up said se-
lected components from said feeder devices at said
respective feeder pickup locations and delivering
said selected components to said presentation sta-
tion; and

insertion robot means for sequentially picking up said
components at said presentation station and insert-
ing said components at predetermined locations in
said circuit board.

38. The system of claim 37 wherein said tube feeder
devices are disposed at an angle with respect to the
horizontal to provide for gravity feeding of successive
components therefrom, and said tube feeders each fur-
ther comprises a retaining means for retaining the next
avallable component at said pickup location until said
feeder device is accessed by said presentation robot.

39. The system of claim 38 wherein said presentation
robot comprises an end effector having a pair of grip-
ping jaws, and means for controlling the attitude of said
jaws relative to the horizontal to a first attitude aligned
with said tube feeders for gripping said components at
said pickup locations and to a second attitude aligned
with the horizontal to deliver said components to said
presentation station.

40. The system of claim 1 further comprising tactile
sensing means for detecting whether a lead has been
successfully clinched and providing an output signal to
the controller means indicative of successful clinching.

41. A system for active clinching of component leads
after insertion thereof from an upper side of a circuit
board and through apertures in the board to extend
from the lower surface thereof, thereby to secure the
component in its inserted position, comprising a clinch-
ing element for bending the leads, and means for driving
the clinching element through a programmably deter-
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mined path substantially parallel to and adjacent the
lower surface of the board in response to control sig-
nals, the system further characterized in that the clinch-
ing element effects the bending of a lead by running into

the lead during the course of its programmably deter-
mined travel, and by a programmable controller

adapted to provide control signals to the drive means so
as to pass the clinching element through a programma-
bly determined sequence of movements such that the
clinching element contacts and bend one or more leads
of the component.

42. The system of claim 41, further characterized in
that the clinching element comprises a rounded clinch
tool whose size is proportioned in relation to the com-
ponent lead size and spacing so as to provide the capa-
bility of clinching a single component lead during a
clinch movement.

43. The system of claim 41, further characterized by
means for positioning the clinching element at a clinch
position directly adjacent the lower surface for contact-
ing and bending the leads, or at a retracted position well
away from the lower surface, so as not to contact down-
wardly extending leads.

44. The system of claim 43, characterized in that the
means for positioning the clinching element comprise
means for extending and retracting this element along
an axis extending substantially perpendicular to the
lower surface of the circuit board, and in that position-
ing means is controlled by the programmable control-
ler.

45. In a robotic component insertion system including
a presentation station, at least one component feeder
means for storing a plurality of components, a robot for
sequentially picking up components from said compo-
nent feeder means and delivering the components to the
presentation station, and a lead straightening plate dis-
posed at the presentation station and including an open-

ing pattern defined therein in correspondence with the .

lead pattern of the components; a method for straight-
ening the leads of said components, comprising a se-
quence of the following steps:
using the robot to grip a component by its body at the
component feeder; and
using the robot to insert the leads of the gripped
component into the opening pattern of said lead
straightening plate and thereafter move the COmpo-
nent body through a predetermined series of oscil-
latory movements so as to respectively exercise the
component leads to substantially straighten the
leads. |
46. A component lead straightening and cutting appa-
ratus, comprising:
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body and one or more component leads depending
from the body;

robot means for sequentially picking up components
from said component feeder means and delivering
said components to a presentation station, said
robot means comprising a robot controller for con-
trolling the operation of said robot means:

lead straightening plate disposed at said presentation
station, said plate having an opening pattern de-
tined therein in correspondence with the lead pat-
tern of the component;

said robot comprising means for inserting the compo-
nent leads into said opening pattern of said plate;

means for providing relative movement between the
component body and said plate with the body
gripped by the robot and the leads inserted in said
opening pattern so as to provide a predetermined
series of relative oscillatory movements therebe-
tween, thereby respectively exercising the compo-
nent leads to substantially straighten the leads; and

cutting means in cooperation with said lead straight-
ening plate for cutting the leads of the selected
component to a predetermined length.

47. The apparatus of claim 46 wherein said opening
pattern formed in said lead straightening plate is
adapted to accommodate the respective lead patterns of
a plurality of component types.

48. The apparatus of claim 46 wherein said robot
means 1s adapted to select one of a plurality of types of
components available at said feeder means, and wherein
said series of oscillatory movements is adapted to the
selected type of component.

49. The apparatus of claim 46 wherein said cutting
means cOmprises:

a shear plate disposed in sliding relation with said
stratghtening plate, said shear plate including an
opening pattern corresponding to the opening pat-
tern formed in said straightening plate;

means for disposing said shear plate in an aligned
position relative to said straightening plate so that
the corresponding hole patterns in each plate are
aligned; and

means for exerting a sliding shear force on said shear
plate so as to shear the component leads extending
into the opening pattern formed in said shear plate.

50. The apparatus of claim 46 wherein said series of
oscillatory movements comprise relative movements

between the component body and the plate in four

directions X, —X, +y, —y a predetermined distance
away from the central inserted position.

1. The apparatus of claim 50 wherein the predeter-
mined distance is to a minimum yield point at which the
component leads no longer spring back or return to the
initial position.

* 5 * * K
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